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20.  ABSTRACT  (Continued).. 


of  various  physical,  chemical,  and  biological  parameters  during  the  marsh 
development  program.  The  National  Marine  Fisheries  Service  research  findings 
describe  changes  in  sediments,  macro invertebrates,  various  water  quality 
parameters,  zooplankton,  nekton,  and  nekton  food  utilization.^ 


Twenty  species  of  f infish  totaling  13,755  organisms  were  captured  with 
beach  seines  and  fyke  nets  during  the  day  and  night  at  13  different  sites  dur¬ 
ing  the  study.  Four  species  dominated  the  catch  during  fifteen  bimonthly  sur¬ 
veys  and  accounted  for  93  percent  of  the  total  catch  i.e.  juvenile  Chinook 
salmon,  peamouth  chub,  starry  flounder,  and  threespine  stickleback.  A  change 
occurred  in  fish  abundance  during  the  postoperational  phase,  but  this  change 
was  attributed  to  behavioral  reactions  by  anadromous  and  nonanadromous  fish  to 
a  100-year  record  low-flow  condition  experienced  in  the  Columbia  River  during 
the  winter,  spring,  and  summer  of  1977.  Statistical  analysis  of  age,  weight, 
length,  and  abundance  of  nekton  captured  failed  to  reveal  any  significant 
changes  as  a  result  of  disposal  or  as  a  benefit  of  habitat  development  at 
Miller  Sands. 

Over  54,000  prey  organisms  representing  36  taxa  were  consumed  by  nekton 
sampled  during  food  utilization  studies  at  Miller  Sands.  Four  main  species  of 
prey  items  made  up  95  percent  of  the  total  numbers  of  items  consumed  by  all 
fish  at  all  sampling  stations.  These  were  Daphnia,  Eurytemora,  Corophium,  and 
chironomid  larvae  and  pupae.  The  sizes  of  fish  did  not  significantly  affect  the 
food  habits  of  most  fish.  While  the  large  fish  were  able  to  consume  greater 
quantities  of  food,  the  species  composition  was  similar  for  all  sizes.  There 
were  few  differences  between  day  and  night  samples,  between  cove  and  intertidal 
areas,  and  among  stations  within  the  cove  area.  With  few  exceptions,  nekton 
species  contained  food  during  the  entire  study  and  were  feeding  in  the  Miller 
Sands  area. 

Results  of  sediment  analysis  indicated  that  sediment  size  and  types  were 
fairly  uniform  throughout  the  area.  Fine  sand  and  silty  sand  comprised  the 
main  sediment  types  at  all  stations.  Organic  matter  was  between  3  and  8  per¬ 
cent  and  there  was  no  significant  seasonal  change.  The  average  number  of 
benthic  organisms  per  square  metre  was  highest  the  first  year,  and  declined 
monotonically  to  the  end  of  the  study.  A  clam,  an  amphipod,  a  flatworm,  and  an 
important  mysid  (Neomysis)  were  not  found  in  1976-1977.  Oligochaetes , 

Corophium,  and  chironomids  constituted  from  92-94  percent  of  the  total 
organisms  captured  at  Miller  Sands.  Over  209,000  benthic  organisms  represent¬ 
ing  22  taxa  were  captured  during  the  study. 


Zooplankton  were  dominated  by  two  Cladocerans,  Daphnia  and  Bosmina,  and 
one  copepod,  Cyclops.  These  three  organisms  represented  96  percent  of  the 
zooplankton  collected  and  were  present  at  all  sampling  stations  during  the 
first  year  of  the  study.  However,  sampling  of  zooplankton  was  excluded  from 
the  postoperational  surveys. 


->  Water  flow  conditions  in  the  Columbia  River  were  high  in  1975,  average  in 
1976,  and  were  exceedingly  low  during  the  winter  of  1976  and  the  spring-summer 
of  1977.  Water  quality  parameters  that  were  manifested  as  a  result  of  these 
changes  in  flow  probably  overpowered  subtle  changes  that  could  have  developed 
as  a  result  of  the  habitat  improvement  project  at  Miller  Sands.  Water  quality 
parameters  monitored  were  water  temperature,  pH,  salinity,  dissolved  oxygen, 
turbidity,  ammonia,  total  alkalinity,  and  nitrogen  gas. 
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PREFACE 


The  work  described  in  this  report  was  performed  under  Interagency 
Agreement  Numbers  WESRF  75-88,  WESRF  76-39,  and  WESRF  76-178, 
between  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES), 
Vicksburg,  Mississippi,  and  the  National  Marine  Fisheries  Service  (NMFS) , 
Prescott,  Oregon.  The  research  was  sponsored  by  the  Office,  Chief 
of  Engineers,  U.  S.  Army,  under  the  Dredged  Material  Research 
Program  (DMRP) .  The  study,  which  was  part  of  the  Habitat  Development 
Research  Program  was  conducted  in 'the  lower  Columbia  River  at  Miller 
Sands  during  the  period  May  1975  through  July  1977. 

We  would  like  to  express  our  appreciation  to  Mr.  George  Snyder, 
Assistant  Director,  Field  Research  Programs,  NMFS,  Seattle;  and  Mr.  Theodore 
Blahm,  Station  Chief,  Prescott  Field  Station;  and  to  the  following  members 
of  the  Prescott  and  Hammond  Station  staffs:  Larry  Davis  for  the  collection 
and  analysis  of  water  chemistry,  and  collection  of  benthic  organisms; 

Maurice  Laird  and  Edward  Roller  for  collection  of  nekton;  Suzie  Valder 
and  John  McNair  for  the  sorting  and  identification  of  benthic  organisms; 
Nancy  Knox  and  Mary  Lee  Brown  for  preparation  of  graphics,  compilation  of 
data,  and  overall  report  preparation;  Norm  Kujala  for  analysis  of  the  1975- 
1976  benthic  data;  and  Linda  Jennings  and  Tracy  Brown  fcr  help  in  recording 
and  tabulation. 

The  report  was  prepared  for  the  Habitat  Development  Project  (HDP) , 

(Dr.  Hanley  K.  Smith,  Manager)  as  part  of  Task  4B:  Terrestrial  Habitat 
Development.  Specific  Sub-Tasks  assigned  to  the  NMFS  included  4B05C, 
Baseline  Biological  Inventory  and  Assessment  of  the  Aquatic  Environs  of 
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the  Miller  Sands  Habitat  Development  Site;  4B05J,  Aquatic  Biology  Investi¬ 
gations  at  Miller  Sands  Habitat  Development 'Site,  Columbia  River,  Oregon, 
and  4B05L,  Post  Operational  Aquatic  Biology  at  Miller  Sands  Habitat  Develop¬ 
ment  Site.  The  contracts  were  managed  by  Dr.  Dave  Parsons,  Dr.  John  Bryne 
and  Mr.  Ellis  J.  Clairain,  under  the  general  supervision  of  Dr.  John 
Harrison,  Chief,  Environmental  LSboratbry.  Mr.  John  D.  Lunz  prepared  the 
Scope  of  Work  for  the  project  in  March  1976. 

COL.  G.  H.  Hilt,  CE,  and  COL.  J.  L.  Cannon,  CE,  were  Directors  of 
the  WES  during  the  conduct  of  this  study,  and  Mr.  F.  R.  Brown  was  Tech¬ 


nical  Director. 


TABLE  OF  CONTENTS 


PREFACE . .  .  2 

PART  I:  '  INTRODUCTION . ; .  7 

Background .  7 

Site  Description .  8 

Study  Site  Development .  14 

PART  II:  METHODS  AND  MATERIALS .  17 

Pre-Disposal  Inventory .  17 

Post-Operational  Studies .  17 

Sampling  Program .  21 

PART  III:  RESULTS  AND  DISCUSSION .  30 

Zooplankton .  30 

Water  Quality .  32 

Nekton .  38 

Benthos .  50 

Substrate .  59 

Food  Utilization .  65 

PART  IV:  SUMMARY  AND  CONCLUSIONS .  78 

Benthos .  78 

Nekton . 79 

Food  Utilization .  80 

LITERATURE  CITED .  83 

TABLES  Bl  -  B23 .  87 

APPENDIX  Bl:  ZOOPLANKTON  PER  CUBIC  METRE  COLLECTED  AT  MILLER  SANDS  & 

SNAG  ISLAND  MARCH  1975  -  MAY  1976 .  115 

APPENDIX  B2 :  WATER  QUALITY  AT  MILLER  SANDS  AND  SNAG  ISLAND  MARCH 

1975  -  May  1976 .  121 

APPENDIX  B3 :  WATER  QUALITY  AT  MILLER  SANDS  JULY  1976  -  JULY  1977..  127 

APPENDIX  B4 :  NEKTON  CAPTURED  AT  EACH  STATION  AND  SAMPLING  PERIOD 

MARCH  1975  -  May  1976 .  143 

APPENDIX  B5 :  NEKTON  CAPTURED  AND  MEAN  WEIGHT  (IN  GRAMS)  PER  INDI¬ 
VIDUAL  AT  EACH  STATION  AND  SAMPLING  TIME.  MILLER 
SANDS  1976  -  1977 .  153 


APPENDIX  B6 :  AGE  CLASS  NUMBER,  MEAN  WEIGHT  AND  LENGTH  PER  INDIVIDUAL 
FOR  IMPORTANT  NEKTON  AT  MILLER  SANDS,  RIVER  KILOMETRE 
39  March  1975  -  May  1976 .  249 

APPENDIX  B7 :  AGE  CLASS,  NUMBER,  MEAN  WEIGHT  AND  LENGTH  PER  INDIVI¬ 
DUAL  FOR  IMPORTANT  NEKTON  COLLECTED  AT  MILLER  SANDS, 

RIVER  KILOMETRE  39  July  1976  -  July  1977 .  251 

APPENDIX  B8 :  NEKTON  IN  ORDER  OF  MEAN  ANNUAL  ABUNDANCE.  AVERAGE 

WEIGHT,  IN  GRAMS,  PER  INDIVIDUAL  MEASURED  AND  EXPAND¬ 
ED,  TOTAL  WEIGHT  OF  FISH  CAPTURED  AT  MILLER  SANDS 
JULY  1976  -  July  1977 .  253 

APPENDIX  B9 :  MACROINVERTEBRATE,  NUMBER  OF  INDIVIDUALS  CAPTURED  IN 
ALL  REPLICATIONS  AT  MILLER  SANDS,  OREGON  MARCH 
1975  -  MAY  1976 .  255 

APPENDIX  BIO:  MACROINVERTEBRATE,  TAXA  IN  ORDER  OF  MEAN  ANNUAL 

ABUNDANCE  FROM  ALL  STATIONS  AT  MILLER  SANDS,  OREGON 

July  1976  -  July  1977 .  294 

APPENDIX  Bll :  PHYLOGENETIC  LIST  OF  BENTHIC  INVERTEBRATE  SPECIES 

AT  MILLER  SANDS,  OREGON  1975  -  1977 .  305 

APPENDIX  B12 :  NUMBERS  AND  VOLUMES  OF  ITEMS  CONSUMED  BY  FISH  AT  ALL 

AREAS  JULY  1976  -  JULY  1977 .  309 

APPENDIX  B13:  PERCENT  NUMBER  AND  VOLUME  OF  ITEMS  CONSUMED  BY  ALL 

FISH  THROUGH  JULY  1977 .  34  3 


HABITAT  DEVELOPMENT  FIELD  INVESTIGATIONS 


MILLER  SANDS  MARSH  AND  UPLAND  HABITAT 
DEVELOPMENT  SITE,  COLUMBIA  RIVER,  OREGON 


APPENDIX  B:  INVENTORY  AND  ASSESSMENT  OF  PREDISPOSAL  AND  POSTDISPOSAL 

AQUATIC  HABITATS 

PART  I :  INTRODUCTION 
Background 

1.  Miller  Sands,  an  island-lagoon  complex  located  in  the  lower 
Columbia  River,  is  one  of  five  research  projects  where  the  feasibility 
of  using  dredged  material  for  beneficial  habitat  development  is  being 
studied.  The  objective  of  these  studies  is  to  provide  information  on 
the  environmental  impact  of  dredging  and  dredged  material  disposal  and 
to  develop  economically  feasible  dredging  and  disposal  alternatives 
which  are  environmentally  compatible. 

2.  The  U.S.  Army  Corps  of  Engineers  (CE)  Environmental 
Laboratory  (EL)  of  the  Waterways  Experiment  Station  (WES)  at  Vicksburg, 
Mississippi  has  the  overall  responsibility  for  the  Habitat  Development 
Research  Project  (HDRP)  at  Miller  Sands. 

3.  Principal  investigators  at  the  Miller  Sands  project  were 
Portland  District  Corps  of  Engineers,  Oregon  State  University,  Washing¬ 
ton  University,  Wave  Beach  Grass  Nursery,  and  the  National  Marine 
Fisheries  Service. 

4.  In  1975  the  Environmental  Conservation  Division,  National  Marine 
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Fisheries  Service  (NMFS)  contracted  with  the  WES  to  provide  a 
baseline  biological  inventory  of  the  aquatic  biota  at  Miller  Sands.  The 
baseline  inventory  encompasses  two  phases  of  the  study,  (1)  preoperat- 
ional  phase:  March, -May  and  early  July  of  1975.  (2)  Operational  phase: 

August  1975  through  May  .1976  during  which  time  the  recently  deposited 
material  was  graded  to  provide  for  marsh . development  within  the  inter¬ 
tidal  zone  at  the  upper  end  of  the  lagoon.  During  the  spring  of  1976 
National  Marine  Fisheries  again  contracted  with  WES  to  perform  the 
research  for  the  postoperational  phase  of  the  Miller  Sands  Habitat  and 
Marsh  Development  Project,  (July  1976- July  1977) . 

Site  Description 

5.  Miller  Sands  is  a  horseshoe  shaped  island  located  approximately . 
39  kilometers  (24  miles)  from  the  mouth  of  the  Columbia  River  (Figure  Bl) . 
This  large,  dredged  material,  island  marsh  complex  of  approximately  96 
hectare  (240  acres)  is  part  of  the  Lewis  and  Clark  National  Wildlife 
Refuge . 

6.  The  main  vegetated  island  was  formed  during  the  1930' s  from 
sediments  dredged  from  the  navigation  channel  of  the  Columbia  River. 

A  101  hectare  (250  acre)  cove  was  created  during  the  1950 's  by  placing 
dredged  material  partially  parallel  and  almost  connecting  with  the  main 
island  at  the  upriver  end.  This  sand  spit  has  remained  unstable  and 
unvegetated.  The  resu.  of  these  events  formed  the  horseshoe  shaped 
island-lagoon-sand  spit  complex  that  we  find  today’  (Figure  B2) . 

7.  The  variable  freshwater  discharge  of  the  Columbia  River  basin 
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Figure  Bl.  Location  of  the  Miller  Sands  Marsh  Development 
Site  in  Relation  to  the  Columbia  River  Estuary 


Figure  B2.  Miller  Sands  Island  and  sand  spit  after  dredged  material  disposal  in  July  1975 


combined  with  large  tidal  variations  strongly  influences  the  aquatic 
ecology  of  Miller  Sands. 

8.  Freshwater  discharge  into  the  estuary  is  characterized  by 
peak  flows  generally  occurring  during  late  spring  (May-June) ,  then 
decreasing  to  a  low  flow  from  August  to  October.  Variable  winter  floods 
(December-January)  may  cause  periods  of  high  river  flows  which  exceed 
the  spring  maximum. 

9.  Mean  annual  discharge  for  the  fifteen  year  period  1961-1975 
was  7,603  cubic  meters  per  second  (cms) .  During  the  29  month  study 
period  at  Miller  Sands  flows  ranged  from  a  monthly  average  high  of 
18,856  cms  in  May  1976  to  a  low  of  2,432  cms  in  January  1977;  these 
flows  were  137%  and  34%  of  their  respective  15  year  monthly  averages. 

10.  Tidal  variations  at  Miller  Sands  are  of  the  mixed  semidiurnal 
type  characteristic  of  the  Pacific  Coast.  Normally,  the  two  high  and 
two  low  tides  are  of  unequal  duration  and  height  (average  tidal  cycle 
is  12  hours,  25  minutes).  The  mean  tidal  range  from  lower  low  water 

to  higher  high  water  is  2.59  meters  (8.5  ft.)  with  extreme  ranges 
approaching  3.6  meters  (12  ft.). 

11.  Salinity  intrusion,  the  distance  saline  water  intrudes  upstream, 
is  constantly  changing  depending  on  tidal  stage,  fresh  water  runoff, 

and  weather  conditions.  Maximum  salinity  intrusion  occurs  during  high 
tide  low  runoff  periods  in  the  late  fall.  In  October  1977,  salinity 
of  8  ppt  was  measured  at  the  bottom  of  the  ship  channel  at  river  kilo¬ 
meter  42  (river  mile  26) .  Minimum  intrusion  occurs  with  low  tides  and 
high  river  flow  and  may  be  less  than  8  kilometers  (5  miles),  (Neal,  1965). 
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12.  The  Columbia  River  estuary,  because  of  its  volume  of  fresh¬ 
water  discharge  and  large  tidal  variation,  is  extremely  well-flushed. 
Neal  (1965)  calculated  flushing  time  to  be  between  5  and  10  days.  The 
cove  at  Miller  Sands  is  also  well  flushed  due  to  the  channel  at  the 
upstream  end  of  the  island  and  the  open  end  of  the  horseshoe  downstream 
(Figure  2)  . 

13.  Water  quality  in  the  lower  Columbia  River  and  at  Miller  Sands 
is  good  compared  with  other  large  river  systems  in  the  United  States. 
Dissolved  chemicals  generally  have  values  less  than  the  concentration 
standards  set  by  Oregon's  Department  of  Environmental  Quality.  Water 
quality  problems  do  exist  and  are  mainly  associated  with  water  temper¬ 
atures  during  the  late  summer  and  fall,  turbidity  and  dissolved  atmos¬ 
pheric  gases  (nitrogen)  during  periods  of  high  freshwater  flow. 

14.  One  of  the  major  problems  in  the  Columbia  River  Estuary  is  the 
continuing  loss  of  productive  aquatic  habitat  through  dredge  disposal 
and  industrial  or  commercial  land  fills. 

15.  Two  broad  classes  of  sediments,  organic  and  inorganic,  form 
the  substrate  of  an  aquatic  ecosystem.  Inorganic  sediments,  sand,  silt, 
and  clay,  are  the  major  components  of  the  sediments  in  the  Columbia 
River,  and  are  introduced  into  the  estuary  from  the  ocean,  from  river 
runoff  or  from  local  tributaries.  Organic  material  which  consists  of 
dead  plant  and  animal  matter,  chemical  and  industrial  waste  form  a 
small  fraction  of  estuarine  sediments. 

16.  Substrate  material  collected  and  analyzed  by  the  U.  S.  Geolc^i 
cal  Survey  (Hubbell  and  Glenn,  1972)  show  an  "average"  sediment  sample 


from  the  estuary  contains  15%  gravel,  84%  sand,  13%  silt  and  2%  clay. 

This  is  a  generalization  and  sediment  texture  varies  widely  through¬ 
out  the  estuary. 

17.  Water  velocity  and  particle  size  are  the  important  factors 
which  determine  if  and  how  a  sediment  particle  will  be  transported 
or  deposited.  Sand  generally  moves  along  the  bottom  with  the  flow 
of  current  while  the  fine  material  (silt  and  clay)  remains  suspended 
until  water  flow  is  reduced  over  shallow  flats  or  stopped  by  tidal 
action . 

18.  The  texture  of  a  substrate  is  a  controlling  factor  which  deter¬ 
mines  the  biological  community  which  may  be  found  at  a  given  location. 
Sediments  found  in  the  channels  and  deep  water  areas  are  generally  coarse 
(gravel  and  sand)  and  of  little  biological  significance.  Fine  sediments 
(silt  and  clay)  tend  to  settle  out  over  low  energy  flat  areas  of  the 
estuary  and  generally  support  an  abundance  and  diversity  of  plant  and 
animal  life. 

19.  The  tidally  influenced,  primarily  freshwater,  101  hectare  (250 
acre)  lagoon  at  Miller  Sands  is  a  protected,  potentially  productive 
aquatic  animal  habitat.  Miller  Sands  and  the  shallow  lagoon  were  formed 
from  sand,  dredged  from  the  nearby  navigation  channel  of  the  Columbia 
River.  Theoretically,  with  reduced  flows  and  the  establishment  of  marsh¬ 
land  vegetation  in  the  lagoon,  fine  sediments  (silt,  clay)  should  settle 
out,  changing  the  character  of  the  substrate  and  increasing  fertility. 

20.  Located  at  the  upstream  end  of  the  Columbia  River  estuary, 
Miller  Sands  is  rarely  subjected  to  salinity  intrusion,  therefore  the 
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planktonic  and  benthic  invertebrates  found  in  this  area  are  limnetic 


(Haertel  and  Osterberg,  1966)  (Misitano,  1974)  .  These  invertebrate 
organisms  provide  an  important  food  source  for  the  freshwater  and 
brackish  water  fish  species  of  the  Columbia  River  estuary. 

21.  Chinook  salmon  ( Oncorhynchus  tshauytscha)  are  the  most  econom¬ 
ically  important  fish  originating  in  the  Columbia  River.  This  anadromous 
species  provides  a  multi-million  dollar  income  annually  to  fishermen  in 
the  Pacific  Northwest.  Juvenile  Chinook  generally  migrate  during  the 
spring  of  their  first  (fall  Chinook)  or  second  (spring  Chinook)  year  of 
life.  Numbers  of  fall  Chinook  remain  and  feed  in  the  lower  Columbia  River 
until  the  spring  following  their  initial  migration  (Durkin  and  McConnell, 
1973)  (McConnell  and  Blahm,  1974) . 

22.  Migration  routes  for  all  adult  and  juvenile  anadromous  fish  are 
in  close  proximity  to  Miller  Sands.  These  species  include  Chinook,  Coho, 
Sockeye  and  Chum  salmon,  Steelhead  trout,  Eulachon,  American  Shad,  and 
the  largest  of  the  freshwater  fishes  found  in  the  Columbia  River,  the 
White  Sturgeon. 


Study  Site  Development 

23.  Miller  Sands  was  originally  constructed  in  1932  from  material 
dredged  from  the  navigation  channel  of  the  Columbia  River.  In  the  early 
1970 's  dredge  material  was  deposited  parallel  to  and  almost  connecting 
with  the  main  island  at  the  upstream  end.  This  created  a  protected 
intertidal  lagoon  between  the  main  island  and  the  sand  spit  (Figure  B3) . 
Development  of  the  marsh  habitat  at  the  upper  end  of  the  cove  consisted 
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of  grading  material  from  the  sandspit  into  a  smooth  sloping  surface 
vhich  covers  approximately  4  hectares.  This  site  was  divided  into  270 
plots  (10  by  14m)  and  during  the  spring  and  summer  of  1976  these  plots 
were  planted  in  a  factiorial  design  to  test  various  species  of  marsh 
plants  and  fertilizer  treatments;  at  three  elevations  within  the  inter¬ 
tidal  zones. 

24.  Studies  of  the  aquatic  biota  associated  with  Miller  Sands  were 
initiated  in  March,  1975.  Three  surveys,  March,  May  and  July,  were 
conducted  prior  to  the  disposal  operation  in  mid-July  (Blahm  1975) . 

These  combined  with  six  additional  bimonthly  surveys  (August,  1975  to 
May,  1976)  established  a  baseline  inventory  of  existing  aquatic  biota 
near  or  in  the  cove  at  the  Miller  Sands  complex.  Baseline  date 
collected  during  this  pre-operational  phase  included  nekton,  zooplankton, 
and  benthos.  Water  quality  parameters  were  also  monitored  during  the 
nine  sampling  periods. 

25.  In  July,  1976  studies  designed  to  assess  the  impact  of  dredge 
disposal  and  subsequent  marsh  development  on  the  aquatic  ecosystem  at 
the  Miller  Sands  site  were  initiated.  The  emphases  of  the  six  post- 
operational  surveys  (July  1976  to  July  1977)  was  to  document  changes 
occuring  in  the  macrobenthic  and  nektonic  faunal  communities  associated 
with  the  cove.  Biological  data  collected  during  this  phase  of  the  study 
included  nekton  at  twelve  stations  and  macrobenthic  organisms  at  twenty- 
six  locations  throughout  the  cove  at  the  Miller  Sands  site.  Substrate 
material  and  water-quality  parameters  were  monitored  to  determine  if 
changes  in  the  physical  and  chemical  characteristics  of  the  cove  were 
occurring. 
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PART  II:  METHODS  AND  MATERIALS 


Pre-Disposal  Inventory 

26.  Samples  were  collected  at  seven  stations  in  or  near  the  Miller 
Sands  complex  during  nine  sampling  periods  March,  May,  July,  August, 
September,  and  November  1975;  and  January,  March  and  May  1976. 

27.  Station  designations  originally  used  by  Blahm  (1975)  have  been 
changed  to  correspond  to  site  designations  (Figure  B4)  used  by  the 

site  manager  from  WES  in  the  draft  scope  of  woiic  (March  10,  1976) .  Sample 
sites  2,  3,  5,  10  and  11  were  located  within  the  Miller  Sands  cove. 

Station  12  was  located  outside  the  lagoon,  at  the  upstream  end  of  the 
complex  between  the  sand  spit  and  navigation  channel.  The  station  at 
Snag  Island  (S.I.)  was  selected  as  a  control  site  remote  from  Miller 
Sands.  This  site  was  discontinued  in  July  1976. 

Post-Operational  Studies 

28.  Eleven  sampling  stations,  laid  out  in  a  grid  pattern,  were 
established  in  the  cove  at  Miller  Sands  prior  to  the  start  of  post- 
operational  surveys.  Cove  stations  along  with  Station  12  (previously 
described)  are  designated  by  numbers  1  through  12  (Figure  B5) . 

29.  Fifteen  sampling  stations  were  established  along  five  transects 
in  or  near  the  intertidal,  marsh  experimental  site.  Sampling  stations 
were  located  on  each  transect  at  the  .3,  1.2,  and  1.8  metre  (1,  4  and 

6  foot)  contour  elevations.  Stations  in  the  intertidal  area  are  desig¬ 
nated  by  transect  (A  through  E)  and  site  (1,  2  and  3) .  For  example, 

C2  is  the  third  transect  from  the  main  island  and  is  on  the  L2  metre 
(4  foot)  elevation. 
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Figure  4.  Field  Location  and  Placement  of  Macrobenthos, 
Nekton  and  Water  Quality  Stations  in  the  Inter 
tidal  Area  of  the  Miller  Sands  Site,  Columbia 
River,  Oregon.  Each  Station  is  Located  in 
Relation  to  a  Specific  Intertidal  Elevation. 
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3D.  Stations  were  marked  by  bouys  or  fence  posts  to  aid  in  relocat- 


ing  sites  throughout  the  study  period.  Contour  elevations  and  station 
locations  were  verified  by  the  Portland  District,  Corps  of  Engineers. 

31.  Throughout  the  post-operations  study  (July  1976-July  1977)  the 
Pacific  Northwest  was  experiencing  a  100  year  record  draught.  Due  to 
this  situation  extreme  low-flow  conditions  prevailed  at  Miller  Sands 
making  it  necessary  to  adjust  certain  sampling  schedules.  These  adjust¬ 
ments  are  shown  in  Table  B1 .  i 
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Sampling  Program 


32.  Zooplankton  populations  were  sampled  with  a  12.7  cm  (S  in.) 
diameter  Clark  Bumpus  sampler  with  a  number  6  (0.24  mm)  net  and  a  digital 
recording  flow  meter.  Five  minute  horizontal  surface  tows  were  made  at 
four  locations  during  each  of  the  nine  baseline  surveys.  Tows  were 

made  during  daylight  hours  at  mean  and  high  tides  in  March,  May,  July 
and  August  1975.  Samples  were  taken  only  at  high  tide  thereafter 
because  shallow  water  in  the  cove  prevented  proper  gear  function.  Tows 
were  made  between  stations  5  and  6  and  between  stations  10  and  11  in 
the  cove;  the  other  two  sites  were  located  outside  the  cove  at  stations 
12  and  Snag  Island.  Samples  were  preserved  in  10  percent  buffered  forma¬ 
lin  solution  and  returned  to  the  laboratory  for  identification  and 
enumeration.  ; 

33.  Samples  were  treated  with  a  vital  stain  (Rose  Bengal)  and 
allowed  to  set  for  at  least  24  hours.  After  an  initial  examination, 
samples  containing  large  numbers  of  organisms  or  detritus  wt re  subsampled 
with  a  four-chambered  plankton  splitter.  Organisms  from  at  least  two 
chambers  were  counted  and  a  comparison  was  made  to  assure  uniformity 
between  splits.  Excess  liquid  was  removed  from  samples  by  filtering  through 
a  No.  20  screen,  remaining  material  was  placed  in  culture  dishes  for 
examination. 

34.  Zooplankton  were  identified  to  genus  (Pennak  1953,  Ward  and 
Whipple  1959)  and  counted  with  the  use  of  a  sterozoom  dissecting  micro¬ 
scope.  Developmental  stages  of  the  order  copepoda  were  grouped  and 
recorded  as  copepodites.  Rotifiers,  present  during  all  sampling  periods, 
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were  not  included  due  to  the  loss  of  these  small  organisms  through  the 
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.24  mm  sampling  net.  Two  genera,  Brachionus  sp.  and  Asplancha  sp.  of 
this  class  were  common. 

35.  The  volume  of  water  strained,  during  each  5  minute  tow  was 
determined  from  the  area  at  the  mouth  of  the  sampler,  number  of  revol¬ 
utions  registered  by  the  flow  meter  and  a  clibration  factor  for  the 
meter.  All  organisms  in  a  sample  or  subsample  were  counted  and  the 
number  per  cubic  metre  (N/m^)  calculated. 

36.  Water  quality  parameters  were  monitored  at  all  stations  during 
the  nine  surveys  of  the  Baseline  Inventory  (Table  Bl).  These  samples 
were  collected  at  mid-depth  during  daylight  hours  (0700-1900) . 

37.  Water  depth  was  determined  with  a  Ross  Sportsman  sounder  or  a 
lead  line.  Temperature,  conductivity,  and  salinity  were  measured  with 
a  Beckman  Model  RS5-3  salinometer.  In-situ  turbidities  were  measured 
by  the  nephelemetric  method  and  recorded  in  Formazin  Turbidity  Units 
(FTU) .  An  H.F.  Instrument  Model  DRT100  meter  was  used  during  the  first 
three  surveys;  thereafter,  a  flow-through  Hach  "Surface  Scatter" 
Turbidimeter  was  used.  A  Leeds  and  Northrup  Model  7404  meter  was  used 
to  record  pH.  The  modified  Winkler  System  (EPA  1974)  was  used  for  on¬ 
site  calibration  of  a  USI  (Model  57)  dissolved  oxygen  meter  which  in 
turn  was  used  for  in-situ  measurements. 

38.  Water  samples  used  for  the  determination  of  dissolved  nitrogen 
saturations  were  collected  in  BOC  bottles,  chilled  and  returned  to  the 
Prescott  Facility  for  analysis  with  a  Van  Slyke  Blood  Gas  Apparatus 
(Van  Slyke-Neil  1924) . 
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39.  Two  additional  water  quality  parameters  were .monitored  during 
the  Post-operation  Phase  of  the  Miller  Sands  study.  TotaJ  Alkalinity 
was  determined  by  the  indicator .  method  as  described  in  Standard  Methods 
(EPA  1974) .  Ammonia  (NH3N/I)  concentrations  were  monitored  with  an 
Orion  Model  407  specific  ion  meter  and  ammonia  electrode  Model  95-10. 

40.  Methods  of  collection  and  analysis  remained  consistent  during 
all  fifteen  surveys.  With  the  exception  of  dissolved  nitrogen,  water 
quality  parameters  were  monitored  and  analyzed  on  site.  Table  E2  lists 
the  parameter,  standard  units  and  symbols  used  in  reporting  water  quality 
at  Miller  Sands. 

41.  During  the  six  post  operational  surveys  at  Miller  Sands  samples 
were  to  be  collected  four  times  at  thirteen  stations.  Each  station  was 
to  be  monitored  on  flood  and  ebb  tides,  between  0700-1900  (day)  and  at 
night  between  1900  and  0700  hours.  After  the  first  two  surveys  (July  and 
September  1976)  it  was  determined,  this  schedule  could  not  be  adhered  to 
because  of  time  constraints  and  bathmetric  limitations  within  the  cove 
resulting  from  the  prevailing  low-flow  conditions  in  the  river. 

42.  After  a  review  of  available  data  it  was  decided  that,  due  to 
the  close  proximity  of  stations  and  homogeneity  of  water  quality  at  all 
stations  in  the  cove,  a  reduction  in  number  of  stations  would  have  the 
least  affect  on  final  information.  Thus,  nine  stations  were  established 
two  (C  and  E)  associated  with  the  experimental  marsh  area,  and  five 
(2,3,6,10,11)  in  the  cove.  Station  1  located  in  the  channel  between  the 
island  and  sandspit  provided  a  reference  to  inflowing  water  while  Station 
12  provided  a  reference  with  ambient  river  conditions  (Figure  B4).  Water 
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sampling  was  synoptic  with  nekton  collection  period. 

43.  A  beach  seine  was  fished  at  five  sampling  sites  during  each  of 
the  baseline  surveys.  Sites  2  and  3  on  the  main  island  and  10  and  11  on 
the  sandspit  were  within  the  cove  (Figure  B5) .  Station  12  was  located 

on  the  channel  side  of  the  island  to  provide  a  reference  to  the  fish 
present  in  the  area  and  also  timing  of  anodromous  fish  migrations.  The 
beach  seine  was  constructed  of  12.7mm  stretched  mesh,  nylon  web  and  mea¬ 
sured  76.2m  long  by  3.7m  deep.  Sampling  procedure  was  to  anchor  the  bunt 
end  of  the  net  on  the  beach  then  pay  the  net  over  the  bow  of  a  5m  outboard- 
powered  boat  while  backing  away  from  the  beach  at  a  45-60  degree  angle. 

When  fully  extended  the  net  would  be  returned  to  the  beach  in  a  135-120 
degree  sweep.  Area  sampled  was  approximately  0.9  hectares  depending  on 
current,  tides  and  bottom  configuration.  Captured  fish  were  eased  to 
one  end  of  the  seine,  transferred  to  tubs,  identified,  counted  by  species 
and  returned  to  the  river.  A  subsample  of  10  fish  per  species  were  mea¬ 
sured  (fork  length  in  mm)  and  weighed  (gm) .  A  scale  sample  was  removed 
for  aging. 

44.  During  the  post-operational  phase  of  the  study  a  destructive 
and  non-destructive  sampling  procedure  was  employed  to  determine  the 
species,  numbers,  length,  weight,  age  of  dominant  species,  and  food  habits 
of  nekton  present  in  the  Miller  Sands  cove.  Fyke  (hoop  nets  with  wings) 
nets  and  the  previously  described  beach  seine  were  used  to  collect  nekton 
at  12  sampling  sites  throughout  the  cove. 

45.  Fyke  nets  used  were  winged  D-shapea  hoop  nets  with  12.7mm 
stretch  mesh  to  the  first  fyke,  remainder  of  the  net  was  constructed  of 
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.64mm  stretch  mesh.  Wings,  on  both  sides,  were  3m  long  by  .9m  deep  and 
and  were  12.7mm  stretch  mesh.  Five  fyke  net  stations  (A,B,C,D,E)  were 
located  on  the  . 3  metre  contour  elevation  at  the  five  transects  estab¬ 
lished  in  or  near  the  experimental  intertidal  marsh  habitat  site.  A 
fyke  net  was  also  fished  at  Station  6  near  the  center  of  the  cove.  Nets 
were  fished  twice  (day  and  night)  during  each  survey.  Fyke  nets  were 
set  at  low  water  with  the  axis  parallel  to  the  high-low  elevation  gradient 
and  the  hoop  opening  directed  toward  the  upper  elevation.  Wings  were 
set  to  direct  fish  into  the  trap  during  the  receding  tide.  Traps  were 
harvested  and  reset  at  the  next  low  water. 

46.  Six  beach  seine  stations  were  located  within  the  cove;  stations 
2,3,10,  and  11  were  fished  during  the  baseline  inventory.  Two  additional 
stations  were  added  near  the  marsh  experimental  area.  Station  5  was 
located  at  the  head  end  of  the  cove  between  transect  A  and  B  while  Station 
9  was  located  on  the  sandspit  downstream  from  the  marsh  area.  Station  12 
the  river  reference  site  was  discontinued.  Beach  seine  stations  were 
sampled  during  two  time  period  0700-1900  hours  and  1900-0700  hours  between 
mid-flood  and  mid-ebb  tides. 

47.  All  organisms  captured  were  identified  to  species,  counted,  and 
rough  sorted  into  the  following  length  categories.  Fish  whose  total  length 
was  between  0-100mm  were  separated  into  25rrim  groups;  those  between  101- 
300mm  in  50mm  groups;  all  fish  over  300mm  were  placed  into  100mm  groups. 

Ten  fish  of  each  species  and  size  group  were  sacrificed  at  each  station 
during  all  surveys.  Speciments  were  preserved  in  10  percent  buffered 
formalin  and  returned  to  the  National  Marine  Fisheries  Service,  Hammond 
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Facility,  where  they  were  measured  (total  length  in  mm)  and  weighed  (gms) . 
Scale  samples  were  taken  for  age  determination  and  stomachs  removed  for 
a  food  utilization  study. 

48.  Seven  benthos  stations  were  sampled  (Table  Bl)  during  the  nine 

2 

baseline  surveys  (March  1975-May  1976).  A  0.1m  sample  was  collected 

2 

by  combining  two  grabs  from  a  0.05m  Eckman  dredge.  Six  paired  replicate 
samples  were  collected  at  each  station  during  each  of  the  nine  surveys. 
Paired  samples  were  washed  through  a  number  30  seive  (.586mm)  which  is 
recommended  by  Schlieper  (1972)  for  sampling  macrobenthic  organisms. 
Material  retained  on  the  screen  was  preserved  in  10  percent  buffered 
formalin  containing  Rose  Bengal,  a  vital  stain.  Samples  were  returned 
to  the  laboratory  for  identification,  enumeration,  and  weighing  of  the 
dominant  organisms. 

49.  After  an  evaluation  of  benthic  data  collected  during  the  base¬ 
line  inventory  it  was  decided  that  a  reduction  in  sample  quantity,  (from 

2  2 

0.1m  to  0.05m  )  and  in  number  of  replicates  (from  six  to  three),  would 
not  statistically  reduce  the  quality  of  the  data.  Sampling  stations  at 
Snag  Island  and  at  river  Station  12  were  discontinued  prior  to  the  post- 
operational  phase  of  the  study. 

50.  Twenty-six  benthos  stations  were  sampled  during  the  post-opera¬ 
tional  phase  (July  1976-July  1977)  at  Miller  Sands.  The  eleven  stations 
located  within  the  cove  were  established  on  a  grid  pattern  which  provided 
complete  coverage  of  the  cove's  substrate.  Five  of  these  stations  (2,  3, 
6,  10  and  11)  were  established  during  the  baseline  inventory.  Fifteen 
additional  stations  were  located  along  the  five  transects  established 


26 


in  or  near  the  marsh  experimental  site.  The  three  sites  on  each  transect 
correspond  to  the  .3,  1.2  and  1.8  metre  contour  elevations. 

2 

51.  Samples  within  the  cove  were  collected  with  the  0.05m  Eckman 
dredge  during  high  water.  Samples  from  the  fifteen  sites  located  in 
the  intertidal  marsh  development  area  were  collected  by  hand  during 

low  ebb  tide.  Hand  dug  samples  were  taken  from  an  area  defined  by  a 

2 

0.05m  frame  to  a  depth  of  10cm.  Replicate  (three)  samples  were  placed 
in  individual  containers  and  transported  to  the  boat  for  washing. 

52.  Samples  were  preserved  and  returned  to  the  laboratory  where  all 
organisms  were  removed  from  the  debris,  identified,  counted,  and  weighed. 
Mollusks  were  weighed  separately  and  estimates  of  total  biomass  per 
sample  follow  procedures  as  described  by  Weber  (1973) . 

53.  Sediment  samples  were  collected  synoptically  with  benthos 
sampling.  A  coring  device  which  measured  3.8cm  inside  diameter  was  used 
to  collect  sediment  samples  to  a  depth  equaling  the  penetration  of  the 
benthic  sampling  device.  Sediment  samples  taken  from  the  Eckman  dredge 
were  measured  for  depth  thus  providing  a  gauge  on  which  to  establish 
uniform  penetration  of  the  dredge  into  the  substrate  during  each  replicate 
grab. 

54.  Samples  from  the  intertidal  marsh  area  were  taken  from  the 
sampling  frame  prior  to  removal  of  the  benthic  samples.  Each. sediment 
sample  was  placed  in  a  plastic  sack,  marked  by  station  and  grab  (repli¬ 
cate)  number  and  sent  to  a  testing  laboratory  for  analysis.  Particle 
size  was  determined  by  standard  seive  and  pipette  procedures.  The  course 
fraction  >.063  (silt  and  clay)  was  broken  down  only  if  that  fraction  was 
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20  percent  or  more  of  the  total  sample  (if  less,  then  only  total  percent 
fines  is  reported) . 


55.  The  organic  content  (volatile  solids)  found  in  a  sediment 


sample  was  determined  by  standard  procedures  as  outlined  by  Standard 
Methods  (EPA  1974),  and  reported  as  percent  volatile  solids. 

56.  After  each  survey  was  completed,  preserved  nekton  samples  were 
brought  to  the  NMFS  Hammond  Facility  where  they  were  measured  (total 
length  in  mm)  and  weighed  (total  weight  in  gm) .  A  subsample  from  each 
species  at  each  station  was  designated  for  stomach  analysis.  The  guts 
were  cut  at  the  throat  and  junction  of  the  pyloric  caecae  (if  present) , 
removed,  and  placed  in  the  appropriate  vial  according  to  the  following 


length  categories: 


0  - 

25mm 

151  - 

200mm 

26  - 

50mm 

201  - 

250mm 

51  - 

75mm 

251  - 

300mm 

76  - 

100mm 

301  - 

400mm 

101  - 

150mm 

401  - 

500mm 

501  -  600mm 


57.  The  vials  were  labelled,  filled  with  5  percent  buffered  formalin 
solution,  and  stored  until  analysis.  The  study  design  specified  examining  10 
stomachs  containing  food  for  each  length  category  of  each  species  at  each 
station.  This,  of  course,  was  not  possible;  however,  all  stomachs  con¬ 
taining  food  (up  to  10)  were  saved  and  the  numbers  of  empty  stomachs 

were  recorded. 

58.  Stomach  analysis  followed  Borgeson’s  technique  (Borgeson,  1966). 
Each  month  vials  were  labelled  for  each  station  according  to  total  length 
into  which  each  fish  species  was  grouped.  Stomachs  thought  to  contain 
food  were  put  into  each  vial  and  covered  with  10  percent  formalin.  Known 
empty  stomachs  were  recorded.  Later  analysis  showed  some  of  the  guts  in 
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the  vials  to  be  empty  and  data  were  adjusted  accordingly.  One  disadvantage 
to  Borgeson's  technique  is  that  it  does  not  allow  computation  of  frequency 
of  occurrance. 

59.  Each  vial  was  later  emptied  into  a  watch  glass  and  organisms 
were  identified  to  the  lowest  feasible  taxonomic  category  and  enumerated. 
The  volume  of  each  category  was  determined  by  water  displacement.  For 
some  of  the  small  items,  such  as  cladocerans  and  copepods,  it  was  necessary 
to  group  specimens  from  several  stations  to  have  enough  mass  to  record 
a  volume.  Accuracy  of  laboratory  equipment  had  a  lower  limit  of  0.05ml. 
Volumes  less  than  this  were  recorded  as  trace. 

60.  Identifications  of  organisms  were  based  upon  the  following 
sources:  Banner  (1948),  Bradley  (1908),  Brodskii  (1950),  Chu  (1949), 

Jaques  (1947) ,  Mizuno  (1975) ,  Needham  and  Needham  (1962) ,  Pennak  (1953) , 
Smith  and  Carlton  (1975) ,  Smirnov  (1971) ,  Usinger  (1956) ,  and  Ward  and 


Whipple  (1918) . 


PART  3:  RESULTS  AND  DISCUSSION 


Zooplankton 

61.  A  list  of  zooplankton  taxa,  and  genera  of  other  aquatic 
organisms  found  in  plankton  nets  during  surveys  at  Miller  Sands,  1975  - 
1976  is  shown  (Table  B4) .  Taxonomic  categories  identified  included 

12  genera  of  Cladocera,  4  Copepods  (and  the  juvenile  form  Copepodites) , 

4  taxa  representing  insects  and  larval  fish  forms.  Ostrocoda,  Anostraca, 
and  Amphipoda  were  also  represented.  Although  not  included  in  the 
zooplankton  list,  two  genera  of  the  class  Rotifera,  Brachionus  sp.  and 
Asplanaha  sp.  were  common. 

62.  Results  of  zooplankton  sampling  during  the  nine  baseline  sur¬ 
veys  are  presented  in  Appendix  Table  Bl,  and  are  summarized  in  Table  B4. 
Total  population  densities  were  numerically  larger  at  cove  stations  (5 
and  11)  than  at  the  river  (12)  or  Snag  Island  reference  stations.  Total 
densities  at  stations  5,  11,  12  and  Snag  Island  were  2466/m3,  3208/m3, 
1975/m3  and  1623/m3,  respectively.  Zooplankton  densities  were  low 
(21.5/m3)  in  March  1975;  they  increased  with  increasing  water  temperature 
reaching  a  peak  of  5,984/m3  in  September  1975.  By  November,  the  number 
of  zooplankton  per  cubic  metre  had  sharply  declined  (66/m3) ;  thereafter 
declining  through  March  1976. 


30 


( 


63.  Three  taxa  dominated  the  zooplankton  community  at  Miller  Sands. 
The  two  cladocerans  Daphnia  and  Bosmina  and  the  copepod  Cyclops.  These 
three  organisms  represent  96%  of  the  total  zooplankton  collected  and 
were  present  at  all  sampling  sites  during  the  entire  survey. 

64.  Daphnia  the  overall  most  dominant  taxa  increased  to  peak 
abundance  in  September  (5,164/M"*),  then  declined  sharpley  (see  Table  B5) . 
Daphnia  was  dominant  during  August  and  September. 

65.  The  population  densities  of  the  copepod  Cyclops  follow  a  normal 
curve,  increasing  gradually  from  March  1975  to  September,  then  declining 
to  a  low  in  March  1976.  Cyclops  was  dominant  during  the  January  survey, 
1976. 


66.  Bosmina  increased  in  abundance  during  May  and  reached  a  peak 
in  July,  decreasing  during  August  and  September,  the  period  of  highest 
water  temperatures,  increasing  again  in  November  as  temperatures  declined. 
Bosmina  was  the  dominant  zooplankton  in  May,  July,  and  November,  1975, 
and  again  in  May  1976. 

67.  Seasonally  abundant  taxa  included  Earytemora  sp  (August  to 
September)  and  Mona  sp  in  May.  Mona  were  present  in  small  numbers 
throughout  the  year. 

68.  The  population  density  of  zooplankton  at  Miller  Sands  was 
lower  in  March  and  May  1976  than  during  the  same  period  in  1975. 

This  reduction  in  zooplankton  was  also  reported  by  (Beak,  1977)  at 
Columbia  River  kilometre  116.7. 

69.  Zooplankton  were  excluded  from  post-operational  surveys  because 
it  was  felt  a  qualitative  analysis,  based  on  bimonthly  sampling,  was 
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not  feasible. 


Water  Quality 


70.  Water  flow  conditions  in  the  Columbia  River  were  high  in  1975, 
average  in  1976,  and  were  exceedingly  low  during  the  winter  of  1976  and 
the  spring-summer  of  1977.  Water  quality  parameters  that  were  manifested 
as  a  result  of  these  changes  in  flow  probably  overpowered  subtile  changes 
that  could  have  developed  as  a  result  of  the  habitat  improvement  project 
at  Miller  Sands.  However,  all  water  quality  parameters  were  analyzed  in 
relation  to  differences  between  stations,  between  years,  between  ebb  and 
flood  tides,  and  between  day  and  night.  In  addition,  an  analysis  was  made 
of  all  parameters  during  1976-1977  comparing  the  cove  stations,  the 
habitat  improvement  area  and  the  river  site. 

71.  Water  temperatures  reached  a  maximum  of  21°C  earlier  (July)  in 
1976  than  in  1975;  temperatures  peaked  at  20°C  during  August  of  1975. 
Generally,  there  was  less  than  2°C  difference  between  stations,  and  usually 
less  than  1°C  between  tides,  and  between  day  and  night.  Mean  temperature 
and  ranges  of  all  samples  taken  during  the  study  are  shown  in  Figures  B6 
and  B7 .  Minimum  water  temperatures  normally  occur  in  the  Columbia  River 
during  January /February ;  they  were  measured  January  of  1976. 

72.  The  pH  ranged  from  a  low  of  6.6  to  a  high  of  9.0  during  the 

study. •  The  low  occurred  at  Station  12  during  the  fall  (September)  of 

1975.  The  high  occurred  at  Station  11  during  July  1976.  Normally,  high 

alkaline  waters  originate  east  of  the  Cascade  Mountains  and  increase  the 
pH  of  the  waters  of  the  Columbia  River  during  spring  run-off  which  peaks 

in  June  at  Bonneville  Dam  (CRK  224,  RM  140) .  The  rain  west  of  the  Cascades 

normally  causes  high  water  in  the  tributaries  during  the  winter  and  this 
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ppm 


ru- 


nds  to  lower  pH  in  the  Columbia  River.  Range  of  pH  seldom 


.0  unit  between  stations,  between  high  and  low  tides,  and 
•en  day  and  night. 

73.  Salinity  measured  at  the  Miller  Sands  water  quality  stations 
.d  •  t  exceed  0.5  0/00  except  during  July  (Station  12)  of  1977  where 

it  r  ed  1.22  0/00  on  a  day/ebb  tide.  The  increase  in  salinity  could 
ha'  en  the  result  of  the  removal  of  9  million  cubic  yards  of  material 
-c  .umbia  River  Bar  during  the  spring  and  summer  of  1977.  The 

mova.  chis  material  lowered  the  channel  depth  from  48  feet  to 
53  feet,  with  the  exception  of  the  one  measurement  above  1.0  0/00,  rarely 
did  salinity  exceed  0.5  0/00  which  normally  would  be  conceded  to  fall 
within  the  accuracy  of  conventional  measurement  instrumentation. 

74.  Dissolved  oxygen  levels  were  compared  throughout  the  study  at 
stations  2,  3,  10,  11  and  12.  High  (13.0  ppm)  levels  occurred  during 
March  of  1975,  1976,  and  1977.  Low  values  occurred  during  July,  August 
and  September  but  rarely  dropped  below  8.0  ppm.  There  were  no  signi¬ 
ficant  differences  found  in  dissolved  oxygen  levels  (at  stations  2,  3, 

10,  11  and  12)  between  stations,  between  high  and  low  tide,  or  between 
day  and  night.  The  highest  range  of  0j  values  occurred  during  May  1977 
at  Station  E,  where  the  difference  between  the  night  ebb  (8.7  ppm)  and 
the  day  ebb  (11.6  ppm)  was  2.9  ppm.  The  ranges  between  stations,  tides 
and  day/night  rarely  exceeded  1.5  ppm  and  were  always  at  acceptable 
ranges  for  aquatic  organisms. 

75.  Water  turbidity  reached  a  maximum  of  28  FTU's  at  Station 

12  during  May  1975.  In  general  turbidity  was  higher  at  comparable  stations 


(2,  3,  10,  11,  12)  in  1975  decreased  from  1975  levels  during  1976,  and  were 
at  all  time  lows  in  1977.  Turbidity  at  stations  2,  3,  10,  11  and  12 
rarely  exceeded  10  FTU's  during  the  1977  sampling  periods.  However,  1977 
was  a  record  low  flow  year  and  turbidity  in  the  lower  Columbia  River 
in  general  was  exceedingly  low.  There  was  no  significant  difference 
between  stations,  tides,  or  day/night  relationships. 

76.  Dissolved  nitrogen  gas  (N2)  saturation  reached  a  high  121.0 
percent  at  Station  12  during  May  of  1976.  Station  12  was  the  outside 
(river  side)  station  and  usually  was  higher  than  the  cove  stations 

(2,  3,  10,  11)  and  the  intertidal  stations  (A  through  E)  where  the  marsh 
habitat  experiment  was  in  progress.  In  general  N2  saturation  that 
exceeds  115  percent  for  extended  periods  could  result  in  aquatic  organism 
fatalities  in  the  shallow  cove  areas  of  Miller  Sands.  High  saturation 
values  can  be  directly  correlated  with  peak  run-off  from  east  of  the 
Cascades,  and  the  spilling  of  large  quantities  of  water  through  the 
numerous  hydroelectric  dams  on  the  main  stem  Columbia  and  Snake  Rivers, 

(the  Snake  River  run-off  peaks  in  May,  the  Columbia  River  peaks  in  June) . 

77.  Ammonia  was  added  to  the  water  quality  parameters  in  July  of 
1976.  In  general  the  range  did  not  exceed  .15  ppm  and  then  only  at  three 
stations;  i.e.,  Stations  C,  D,  and  1.  Maximum  levels  occurred  at  station  1, 
during  September  1976  during  a  day/flood.  Maximum  levels  occurred  at 
Stations  C  and  E  during  May  1977  at  all  tidal  cycles,  day  and  night.  The 
highest  level  (0.20)  occurred  on  the  night  ebb  at  Station  E.  In  general 
higher  levels  occurred  at  the  cove  stations,  10  and  11,  during  the  night 
than  during  the  day  during  May  1977,  but  these  differences  overall  were 

not  statistically  significant. 


Total  alkalinity  was  the  second  added  parameter  in  July  of 
;9V ignest  values  occurred  during  May  at  the  cove  stations,  and  at 

marsh  habitat  sites  that  were  sampled  during  May  1977;  i.e..  Stations 
C  and  E.  The  range  of  alkalinity  generally  increased  with  time  from 
l-.y  .976  to  July  1977  (see  Figure  B7)  .  No  visible  trends  were  apparent 
in  •.  station  comparisons,  nor  with  tidal  cycle  or  day  night  comparisons. 
j.  The  intertidal  or  marsh  habitat  sites  were  compared  to  the 
-v  ',  3,  10  and  11,  and  to  the  outside  river  site  (Station 

)  f>-  .c  period  July  1976  through  July  1977.  In  general,  the  river 
was  cooler  than  the  cove,  temperatures  varied  several  °C,  indicating  a 
general  warming  of  the  cove  and  marsh  habitat  area.  However,  the  warm¬ 
ing  of  the  cove  had  little  effect  on  DO  levels. 

80.  N2  saturation  levels  were  slightly  and  consistently  higher 
at  the  river  stations  except  when  river  water  entered  the  cove  through 
the  cove  channel  during  high  river  run-off.  Turbidities  remained  fairly 
constant  and  at  a  low  level  throughout  the  study  inside  and  outside  the 
cove . 

81.  The  1976-1977  levels  of  turbidity  rarely  exceeded  10  FTO's, 
which  by  any  standards  is  exceedingly  clear  water.  More  definitive  work 
needs  to  be  conducted  on  ammonia  levels  because  during  May  1977  there 
appeared  to  be  differences  between  day  and  night  levels  at  stations  2, 

6,  10,  11,  C  and  D,  but  these  differences  did  not  manifest  themselves 

in  the  July  1977  sampling  period  nor  at  any  time  prior  to  the  May  sampling 
period.  Data  for  water  quality  parameters  can  be  found  in  Appendix 


Tables  B2  and  B3. 


Nekton 


A  total  of  13,755  fish  representing  twenty  species  were  captured 
.ig  the  fifteen  bimonthly  surveys  at  Miller  Sands  (March  1975-July  1977) . 
A  list  of  these  fish  in  descending  order  of  abundance  is  presented  in 
ibl  B6.  Four  species  accounted  for  93%  of  the  total  catch:  juvenile 
chi.  salmon,  Oncorhynchus  tshawytsaha;  peamouth,  Mylocheilus  caurinus; 
star  flounder  juveniles,  Platichthy  stellatus ;  and  threespine  stickle- 
1  osteus  aouleatus . 

Total  catch  data  by  station  and  survey  are  presented  in  Appendix 
Table  B4  and  Appendix  Table  B5.  Juvenile  chinook  salmon,  threespine 
stickleback  and  juvenile  starry  flounder  were  captured  at  all  beach  seine 
stations  and  were  present  during  each  survey.  Peamouth  chub  occurred  at 
all  stations  but  were  not  captured  during  the  March  1975  or  January  1976  * 
surveys  (Figure  B8) . 

84.  Monthly  catches  of  the  four  dominant  species  at  beach  seine 
sites  during  the  baseline  inventory  (March  1975-May  1976)  are  presented 
in  Figure  B8.  Figure  B9  is  the  monthly  catches  of  these  species  during 
the  post-operational  phase  (July  1976- July  1977).  The  square  root  trans¬ 
formation  of  the  total  monthly  catch  data  is  used. 

85.  Monthly  catch  and  catch  per  unit  of  effort  for  the  period  March 
1975  to  May  1976  is  presented  in  Table  B7,  and  represents  catch  by  beach 
seine,  during  daylight  hours  only.  In  July  1976  the  fishing  effort  was 
expanded  to  include  fishing  with  fyke  nets  and  at  night.  Thus,  Tables 

B8  through  Bll  are  summaries  of  the  monthly  catch  of  the  dominant  species 
at  all  stations,  with  beach  seines  at  night  (Table  B8) ,  daytime  (Table  B9) 
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an-  ’ke  -lets  at  night  (Table  BIO)  and  during  the  day  (Table  Bll)  . 

The  es  include  total  fish  captured  and  catch  per  unit  of  effort. 

.'imary  of  CPUE  findings  for  the  entire  study  period  is  given  in  Table 

B12 . 

6.  Juvenile  Chinook  salmon  were  the  most  important  economic 
spec.  and  represent  42  percent  of  the  total  catch.  Chinook  juveniles 
were  e  numerically  dominant  species  captured  at  Miller  Sands  in  March 
•  id  19'  i,  1976  and  1977,  also  during  August,  September  (1975)  and 

.  Julj  .77  (Figures  B8  and  B9) . 

87.  During  the  baseline  inventory  2446  juvenile  Chinook  were  taken 
at  Station  12,  the  river  index  site  (See  Table  B7).  This  accounts  for 
68%  of  all  chinook  captured  during  the  baseline  study. 

88.  The  peak  catch  of  juvenile  chinook  occurred  in  May  1976.  The 
respective  catch  per  unit  effort  (CPUE)  536.4  (Table  B12) .  The  early  peak 
during  March  1977  may  be  associated  with  t>  j  low  flow  conditions  which 
prevailed  in  the  Columbia  River  during  1976-1977. 

89.  peamouth,  Mylocheilus  caurinus ,  was  the  dominant  species  July 
and  September  1976  at  Miller  Sands  during  the  post-operational  phase. 

This  increase  was  mainly  due  to  the  initiation  of  night  fishing  during 
this  study  period.  The  night  catch  of  peamoush  was  2126  (Table  B8)  as 
compared  to  664  fish  taken  during  the  day  (Table  B9) .  The  overall  peak 
catch  of  peamouth  occurred  in  July  1976  when  1442  individuals  were  cap¬ 
tured  at  Station  5  during  the  night  survey  (Table  B8) . 

90.  peamouth  were  also  the  most  common  fish  captured  by  fyke  nets 
at  the  march  development  site;  of  702  fish  captured  434  were  peamouth; 

121  during  the  night  (Table  BIO) ,  and  310  during  the  day  (Table  Bll) . 
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91.  Juvenile  starry  flounder  were  captured  during  each  survey  and 
are  the  third  most  common  species  present  at  Miller  Sands.  Peak  occur¬ 
rence  during  the  three  years  was  during  July  1976  and  the  peak  CPUE 

(71  fish)  occurred  the  same  month. 

92.  Threespine  stickleback  were  also  present  at  Miller  Sands  during 
all  surveys  and  were  captured  at  all  sites.  This  species  ranged  from 

a  low  CPUE  of  0.4  in  August  1975  to  a  peak  of  34  fish  in  September  1976 
(Table  B12) . 

93.  Although  these  four  species  represent  93%  of  the  total  catch 
at  Miller  Sands,  additional  economically  important  sport  or  commercial 
species  were  captured.  These  were  coho,  chum,  and  sockeye  salmon, 
Oncorhynohus  spp;  steelhead  and  cutthroat  trout,  Salmo  spp ;  longfin 
smelt,  Spivinchus  sp;  the  eulachon,  Thaleichthys  pad  ficus ;  and  the 
American  shad,  Alosa  sapidissima. 

94.  During  the  baseline  inventory  scale  samples  were  collected  for 
age  determination  of  the  important  species.  Ten  fish  of  each  major 
species  were  weighed,  measured  and  age  determined.  During  the  post- 
operational  phase  this  effort  was  expanded  in  conjunction  with  the  food 
utilization  study.  Ten  fish  from  each  of  the  following  length  categories 
were  sampled  at  each  site  during  each  survey. 


0  - 

25mm 

151 

-  200mm 

26  - 

50mm 

201 

-  250mm 

51  - 

75mm 

251 

-  300mm 

76  - 

100mm 

301 

-  400mm 

101  - 

150mm 

401 

-  500mm 

95.  The  age,  number,  mean  weight  and  length  of  the  five  dominant 
species  taken  during  the  post-operational  surveys  is  presented  in 
Appendix  Table  B7. 
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96.  Age  for  juvenile  Chinook,  peamouth  and  largescale  sucker  was 
determined  from  scale  annuli.  The  age  of  threespin  stickleback  and 
starry  flounder  was  determined  by  the  length  frequency  method.  (Jones 
and  Hynes,  1950;  Haertel  and  Osterberg,  1966;  Scott  and  Crossman,  1975). 

97-  Fish  in  the  first  year  (0-1  year  old)  were  called  age  class  1. 
Fish  older  than  age  class  4  (3-4  years  old)  were  combined  under  the 
heading  age  class  4. 

98.  During  the  baseline  studies  the  age  class,  mean  weight  and 
length  was  determined  for  three  species;  Chinook,  starry  flounder  and 
peamouth  chub.  Age  determination  was  made  for  the  above  dominant  species 
and  also  for  threespine  stickleback  and  largescale  sucker  during  the 
post-operational  phase.  The  age  class  by  month  for  the  three  dominant 
nekton  species  captured  at  Miller  Sands  during  all  surveys  is  shown  in 
Table  313 . 

99  •  Juvenile  fall  Chinook  age  class  1  dominate  the  Chinook  catch 
in  March,  May,  and  July  during  all  three  years.  Spring  Chinook,  which 
migrate  during  their  second  year,  were  captured  during  late  summer  and 
fall  and  may  remain  in  the  estuary  until  the  following  spring.  This  is 
indicated  by  the  22  age  class  2,  and  the  nine  age  class  3  fish  captured 
in  March  1977.  The  larger  percentage  of  these  older  Chinook  captured 
during  the  spring  of  1977  is  probably  due  to  the  low  flow  conditions. 
Alabaster  (1978)  states  that  significant  numbers  of  Chinook  held  over 
throughout  the  Columbia  River  in  1977.  Mean  weight  and  length  by  age 
class  for  these  dominant  species  is  presented  in  Appendix  Table  B6  and 


Appendix  Table  B7. 


100.  The  mean  weight  and  length  for  the  1175  juvenile  chinook  sampled 
during  the  Miller  Sands  surveys  was  10.3  grams  and  88.7  mm.  Eighty-nine 
percent  of  juvenile  chinook  captured  were  age  class  1,  fall  chinook. 

101.  Juvenile  starry  flounder  (euryhaline  species)  is  found  through¬ 
out  the  lower  Columbia  River.  Both  age  classes  1  and  2  were  present  during 
each  survey.  Older  fish  of  this  species  are  not  usually  taken  in  fresh 
water.  The  increase  in  those  fish,  age  class  3,  from  July  1976  through 
July  1977  would  indicate  a  change  in  conditions  possibly  due  to  low  flow. 
Mean  weight  and  length  for  the  1045  juvenile  starry  flounder  was  10.5 
grams  and  76.4  mm.  As  with  chinook  age  class  1,  starry  flounder  age  class 
1  were  the  major  class  present  at  Miller  Sands. 

102.  All  five  age  categories  of  peamouth  chub  were  present  at  the 
study  area;  42  percent  were  age  class  1;  32  percent  age  class  2;  37  per¬ 
cent  age  class  3  and  7  percent  were  age  class  4,  while  15  percent  were 
older  than  age  4.  Mean  weight  of  the  peamouth  was  25.2  grams  and  mean 
length  was  108.9  mm. 

103.  Nekton  in  order  of  mean  annual  abundance  and  average  weight 
per  individual  for  all  species  captured  during  the  post-operational 
survey  is  shown  in  Appendix  Table  B8. 

104.  Student's  t- tests  were  performed  to  determine  if  there  was  a 
difference  between  the  night  and  day  beach  seine  catches  at  Miller  Sands 
during  the  post-operational  surveys.  At  the  95  percent  confidence  inter¬ 
val  there  was  no  statistical  reason  to  conclude  the  catches  were  different. 
The  Wilcoxon-Mann-Whitney  rank  sum  test  was  also  performed  with  the  same 
results. 

105.  Although  statistically  there  appears  to  be  no  overall  differ¬ 
ence,  there  are  monthly  variations  (Figure  B10) . 
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106.  a  comparison  of  the  nekton  captured  by  beach  seine  (during  the 
day)  at  Stations  2,  3,  10  and  11  is  shown  in  Table  B14 .  These  four  sta¬ 
tions  were  sampled  during  each  of  fifteen  surveys,  March  1975  to  July 


1977. 

107.  Total  catch  was  highest  during  1976,  this  reflects  a  catch  of 
388  Chinook  at  Station  11  during  May  and  also  368  starry  flounder  at 
Station  3  during  July  of  this  year.  Both  of  these  catches  are  above 
normal . 


108.  The  number  of  fish  captured  during  the  three  months  of  1977 
decreased  from  the  highest  level  in  March  to  the  lowest  value  during  any 
of  the  July  surveys.  The  high  catches  at  Station  2  and  Station  3  during 
March  1977  reflect  a  larger  than  normal  catch  of  juvenile  chinook  during 
this  month. 

109.  changes  between  sites  and  stations  during  these  three  months 
generally  reflect  a  higher  than  normal  occurrence  of  a  given  species.  An 
exception  is  the  decreasing  total  catch  in  1977  which  again  probably  indi¬ 
cates  changes  due  to  the  100  year  round  drought  during  1976  and  1977. 

110 •  Beach  seine  sites  during  the  baseline  inventory  and  post-operational 
phase  of  the  study  are  classified  according  to  the  number  of  nekton  cap¬ 
tured  at  each  site.  Fyke  net  sites  in  the  intertidal  area  and  at  cove 
Station  6  are  also  classified  from  a  data  matrix  from  which  a  Bray-Curtis 
dissimilarity  analysis  was  done  (Clifford  and  Stephenson,  1976) .  A  matrix 
was  generated  between  all  possible  pairs  of  stations  using  the  formula: 


>  frii  -i*tk 

?(x .  .  +  x  ) 
l  ij  lk 
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1.'  D  is  the  measure  of  dissimilarity  between  stations  j  and  k 
i  ...  is  the  square  root  transformed  values  of  the  ith  species  in  the 
jth  station.  The  value  of  dissimilarity  is  constrained  between  0  and  1 
ere  0  represents  complete  similarity  and  1  complete  dissimilarity 
jetw_  stations.  Stations  were  then  clustered  into  similar  groups  using 
grcu-  verage  sorting  which  joins  the  stations  based  on  the  smallest 
'  j..  sir  iarity  value  between  individual  stations  or  groups  of  sta- 
ons  ady  joined. 

112.  Following  are  dendrograms  of  the  Bray-Curtis  treatment  of  com¬ 
bined  data  during  the  baseline  inventory,  post-operational  cove  stations 
and  intertidal  marsh  habitat  sites. 


2 

3' 
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Baseline  Inventory  March  1975  -  May  1976 

113.  The  dendrogram  shows  all  stations  joined  at  the  .3  level  are 
more  similar  than  dissimilar.  Station  12,  the  river  index  site,  is  the 
most  dissimilar,  while  stations  10  and  11  are  the  most  similar.  Stations 
10  and  11  are  located  on  the  Sand  Spit. 
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Post-operational  Cove  Beach  Seine  Sites  July  1976-July  1977 


114.  Stations  9  and  10  located  on  the  sand  spit  are  shown  to  be  the 
most  similar.  Station  5  located  on  the  sand  spit  at  the  upper  end  of 

the  cove  is  most  dissimilar.  Stations  3  and  11  located  at  the  downstream 
end  of  the  cove  are  similar  but  dissimilar  to  those  stations  located  up¬ 
stream  within  the  cove.  This  may  be  due  to  the  low  flood  conditions  dur¬ 
ing  this  period  and  the  lower  than  normal  water  levels  within  the  cove. 

115.  The  following  dendrogram  is  a  comparison  of  the  intertidal  marsh 
habitat  sites  which  were  sampled  by  fyke  nets.  Also  included  is  the  cove 
fyke  net  station  (5) . 


.1  .2  .3  .4  .5  .6  .7  .8  .9  1.0 

Intertidal  Marsh  Habitat  Sites  A  Through  D  and  Cove  Fyke  Net  Site  6 
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116.  The  marsh  reference  sites  A  and  E  are  most  similar.  Station  D 
the  downstream  intertidal  site,  is  the  most  dissimilar  of  the  marsh  sites 
This  may  be  due  to  the  large  number  of  peamouth  captured  at  this  site 
during  September  1976.  Station  6,  the  cove  fyke  station,  is  the  most 
dissimilar. 


i 
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Benthos 


•  A  computer  was  used  to  examine  some  aspects  of  the  1975-1976 
CiL.  .  A  dissimilarity  matrix  was  generated  between  all  possible  pairs  of 
stations  using  the  Bray-Curtis  Dissimilarity  Index. 

IB.  The  value  of  dissimilarity  is  constrained  between  0  and  1,  where 
j  rep  ?ents  no  dissimilarity  or  complete  similarity  between  the  two  sta¬ 
tion-  The  stations  were  then  clustered  in  similar  groups  using  a  group 

■/e'  ...  soi  .ing  strategy.  This  strategy  in  which  the  stations  are  suc- 
-ssive_ .  joined  based  on  the  smallest  mean  dissimilarity  value  between 
individual  stations  or  groups  of  stations  already  joined. 

119.  The  results  of  cluster  analysis  of  the  benthic  data  were  com¬ 
piled  into  a  denogram  (Figure  Bll) .  Species  were  grouped  using  similar 
techniques  as  the  fish  data  except  that  species  values  were  standardized 
using  a  square  root  transformation  and  by  dividing  each  species  value  by 
the  sum  of  the  values  for  that  species  at  all  stations. 

120.  The  biomass  at  each  station  was  averaged  throughout  the  year 
to  show  monthly  and  annual  totals.  All  raw  data  can  be  found  in 
Appendix  Table  B9. 

121.  All  raw  data  was  analyzed  by  computer  to  obtain  the  required 
tables  and  figures.  The  BraypCurtis  dissimilarity  analysis  comparing 
stations,  taxa,  and  time  were  not  conducted  as  in  the  1975-1976  study. 

The  data  were  analyzed  for  monthly  numerical  abundance  and  comparisons 
made  in  abundance  of  taxa  at  subtidal  and  intertidal  sites.  All  raw 
data  has  been  compiled  and  can  be  found  as  a  computer  print-out  in 
Appendix  Table  BIO. 

122.  It  was  determined  due  to  the  relatively  large  sieve  size  some 
nematodes,  although  extremely  numerous,  were  passing  through  the  mesh  and 
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quantification  was  not  accurate.  They  were  not  enumerated  as  was  done 
in  1975-1976.  Insect  families  were  combined  into  one  heading  —  insect 
larvae . 

123.  The  sites  fell  into  three  similar  groups.  Stations 
1  and  7  were  similar  in  composition  (Bray-Curtis  value  .23) 
stations  5  and  6  were  similar  in  composition  (.16).  This  grouping 
relationship  is  illustrated  by  the  dendogram  in  Figure  Bll. 

Nematodes,  Neomysis ,  Chironomidae  and  Oligochaete  were  most  abundant  at 
stations  2,  3  and  4  and  least  abundant  at  station  1  and  7.  Corophium , 
Ccrbicula ,  Gastropods,  Polychaetes  and  aquatic  insects  appeared  to  be 
equally  abundant  at  all  stations.  Anisogammarus,  Platyhelmenthes ,  Adonata 
were  rare  at  all  stations.  Fish  eggs  were  found  only  at  station  7  in 
January  and  March  1975.  These  eggs  were  probably  deposited  by  Eulachon, 
Thaleichthys  pad ficus ,  which  is  known  to  spawn  during  the  winter  in  the 
mainstream  of  the  Columbia  River. 

124.  stations  were  analyzed  to  determine  seasonal  trends  in  the 
benthic  community.  It  was  determined  that  the  species  composition  and 
their  number  are  relatively  stable  throughout  the  year.  This  is  illus¬ 
trated  in  Figure  Bll. 

March,  November,  January  exhibited  similar  species  numbers 
(Bray-Curtis  value  .16)  May,  July,  September,  had  a  value  of  .23  and 
all  stations  were  joined  at  .25.  Analysis  of  species  composition  and 
seasonal  trends  demonstrated  that  there  is  more  species  variation  between 
stations  than  there  is  from  summer  to  winter.  This  analysis  is  important 
in  demonstrating  that  each  station  has  a  characteristic  community  that 
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Figure  Bll. Dendogram' s  based  on  group-average  sorting  of  Bray-Curtis 
dissimilarity  values  between  all  possible  pairs  of  samples 

0  =  Complete  similarity  1.0  complete  dissimilarity. 


""“A 


IS 


it  stable  throughout  the  year  and  differs  from  other  areas  in 
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125.  The  wet  weights  of  the  six  grabs  at  each  station  were  averaged 
and  converted  to  biomass  in  grams  per  square  metre.  This  information  shows 

nth' y  variations  in  biomass  and  is  a  means  of  determining  the  highest 
tan,  3  crop  stations  throughout  the  year.  Station  3  clearly  showed  the 
great  t  annual  biomass  of  371  grams  (Table  B15) .  Stations  2,  4,  5  and 
f  >ery  similar;  their  annual  biomass  ranged  between  151  -  165  grams. 

atic  located  in  the  river,  was  the  least  dense  having  a  total  of 

68.  These  findings  were  similar  to  the  findings  when  stations  were 
analyzed  for  species  composition.  Table  B15  also  indicates  each  station 
maximum  biomass  generally  occurred  in  the  spring. 

126.  The  mean  annual  abundence  per  square  metre  of  each  taxon  was 
arranged  in  descending  order  in  Table  B16.  Oligochaetes  were  the  most 
numerous  groups  averaging  3030/m2.  Covophium  and  Chironomids  were  the 
only  species  that  exhibited  marked  seasonal  extremes.  In  March  1976  the 
Corophium  population  was  most  numerous;  21,009  were  captured  and  in  August 
the  population  was  least  abundant,  1,159  were  captured.  Chironomids  were 
numerically  stable  until  May  when  a  marked  increase  was  recorded.  Of 
209,184  total  organisms  captured  in  the  study  190,384  or  91%  were  Oligo¬ 
chaetes  and  Corophium. 

127.  The  mean  annual  abundance  of  each  taxon  is  arranged  in  descend¬ 
ing  order  in  Table  B17.  The  amphipod  Corophium  was  the  most  numerous 

2 

group  at  Miller  Sands,  averaging  942.4/m  throughout  the  year.  Second 

2 

in  abundance  were  the  Oligochaete  worms  averaging  731.6/m  .  Chironomidae 

2 

insect  larvae  were  third  in  abundance,  averaging  251.5/m  .  The  small 
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CORBICULA  N=  3,293 


Figure  B12.  Changes  in  Total  Abundance  of  Important  Macroinvertebrate 
Taxa  at  Seven  Stations  in  1975  -  1976. 


#  2 

clams  Corbicula  were  128/m  .  The  remaining  seven  taxa  were  relatively 
2 

sparse,  under  16/m  . 

128.  a  total  of  22,052  Corophium  and  17,119  Oligochaetes  were 
captured  in  the  468  grabs  at  27  stations  throughout  the  study.  These 
two  groups  combined  represented  approximately  80%  of  the  total  organisms 
present  at  the  Miller  Sands,  Oregon  study  sites. 

129.  Stations  were  not  compared  individually  as  was  done  in  1975- 

1976.  They  were  grouped  and  discussed  by  similar  elevations,  stations 

designated  A,  B,  C,  D,  E,  were  stations  located  at  the  0.3m  contour. 

Stations  designated  A  ,  B  ,  C  ,  D  ,  E  ,  were  located  at  the  1.2m 

2  2  2  2  2 

contour.  Stations  designated  A  ,  B  ,  C  ,  D  ,  E  ,  were  located  at 

3  3  3  3  3 

the  1.8m  contour.  Cove  stations  were  under  water  continually  and  are 
number  1-15. 

2 

130.  The  average  catch  per  grab  (0.5/m  )  of  the  six  most  numerous 
organisms  at  each  of  the  four  elevations  is  listed  in  Table  B18.  This 
analysis  demonstrated  that  the  subtidal  cove  stations  were  generally  most 
productive  with  the  exception  of  Chironomids.  The  second  most  productive 
stations  were  those  on  the  1.2m  contour.  This  was  the  most  productive 
area  for  the  insect  larvae. 

131.  Corophium  was  the  densest  organism  attaining  a  maximum  of 
601.6  per  grab  at  the  cove  stations.  They  became  progressively  less 
dense  as  station  elevations  increased,  reaching  a  minimum  density  of 
zero  per  grab  at  the  1.8m  contour.  Oligochaetes  were  the  second  densest 
organism,  also  reaching  their  maximum  of  395.3  at  the  cove  sites  and  the 
minimum  at  the  1.8m  stations.  Chironomid  were  third  in  density  but 
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attained  their  maximum  at  either  the  0.3  sites  apparently  doing  better 
intertidally  than  either  Corophium  or  Oligochaetes .  The  remaining  insect 
larvae  and  Gastropods  attained  their  maximum  density  at  the  1 . 2m  contour 
site. 

132.  Seasonal  variations  of  the  six  most  abundant  species  can  be 
seen  in  Figure  B13.  In  general,  little  numerical  fluctuation  was  observed 
in  the  benthic  community.  Most  organisms  appeared  to  be  somewhat  numer¬ 
ically  stable  throughout  the  one  year  study.  Corophium  and  Chironomids 
were  the  only  two  groups  that  did  show  some  seasonality.  Corophium 
reached  their  peak  numbers  during  the  November  to  March  period  and  their 
lowest  numbers  during  May  to  July.  Chironomids  appeared  to  be  very 
stable  throughout  the  year  but  increased  substantially  during  the  sum¬ 
mer. 

133.  The  dry  weights  per  metre  square  of  the  five  most  numerous 
taxons  (excluding  Corbicula)  were  calculated  for  four  elevations  (Table 
B19) .  Results  of  biomass  measurements  were  similar  to  species  distribu¬ 
tion.  The  highest  biomass  was  found  in  the  subtidal  cove  station.  An 
average  of  5,8120  g/m  dry  weight  was  taken  at  the  cove  stations.  Second 

in  biomass  were  the  substations  at  the  0.3m  intertidal  level.  The  least 
2 

biomass,  .44020  g/m  found  at  the  1.8m  elevation  sites.  Cove  stations 

had  13  times  this  biomass.  Corophium  and  Oligochaetes  represented  90 

percent  of  the  total  biomass  at  the  cove  stations.  At  the  0.3m  elevation 

Chironomids  contributed  the  major  (53.9%)  portion  of  the  biomass.  Table 

B19  is  also  useful  in  estimating  standing  crop  biomass.  Corbicula  and 

Gastropod  dry  weights  are  misleading,  disregarding  them,  Oligochaetes 

2 

contributed  the  highest  average  biomass  of  .3103  g/m  in  the  Miller  Sands 
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OLIGOCHAETE  N=I7,M9 


re_„  lthough  Corophium  were  more  numerous.  Oligochaetes  appeared 

to  be  v. .e  only  organism  capable  of  coping  with  the  frequent  tidal  expos- 
u.  at  the  1.2  and  1.8m  stations  they  comprised  79.3  and  85.4%  of  the 
total  biomass  sampled  at  those  two  elevations. 

134.  A  phylogenetic  listing  of  benthic  invertebrate  species  found 
it  Mi : " er  Sands  during  the  study  can  be  found  in  Appendix  Table  Bll. 


Substrate 


?:-5.  There  is  considerable  evidence  (Lindroth  1935,  Jones  1950, 

B-  ,anan  1958,  Longhurst  1958,  Sanders  1958)  that  the  physical  properties 
of  the  substrate  are  important  for  the  structure  and  distribution  of 
anthic  communities .  The  mean  annual  sediment  sizes  and  percentage 
compc  _tion  of  volatile  solids  in  sediments  collected  at  the  Miller  Sands 
disp  al  site  are  shown  in  Table  B20.  Gravel  is  defined  as  that  portion 
l  -  c.  sam  le,  the  particles  of  which  measure  greater  than  2.38  mm  in 
^ameu  sand  particles  measure  0.044  to  2.37  mm;  and  silt  and  clay  is 
comprised  of  particles  that  measure  less  than  0.044  mm. 

136 •  Gravel  comprised  less  than  1  percent  of  each  sample  collected. 
Sand  comprised  nearly  90  percent  of  all  samples  and  frequently  constituted 
over  98  percent  of  the  sample.  Over  75  percent  of  the  sediments  collected 
at  all  transects  at  all  elevations  and  at  the  cove  stations  consisted  of 
sand  ranging  in  size  from  45  to  149  microns  and  nearly  50  percent  of  all 
sediment  collected  was  sand  ranging  from  75-149  microns.  Silt  and  clay 
comprised  less  than  5  percent  of  most  samples  but  did  range  as  high  as 
11.95  percent  of  the  mean  annual  percentage  of  sediments  collected  at 
elevation  1  of  transect  E.  The  occurrence  of  silt  and  clay  at  eleva¬ 
tion  3  for  all  transects  was  consistently  less  than  at  the  other  eleva¬ 
tions  and  the  cove  stations.  Particles  finer  than  44  microns  were 
further  divided  into  three  subclasses:  25-44,  10-25,  and  5-10  microns 
and  are  presented  near  the  bottom  of  Table  B20.  There  does  not  appear 
to  be  a  significant  difference  in  the  distribution  of  the  three  sub¬ 
classes  of  particles  finer  than  44  microns  among  the  various  sampling 
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stations.  It  should  be  noted  that  the  individual  percentage  composition 
of  these  subclasses  will  not  always  equal  the  total  value  shown  for  the 
percentage  composition  of  particles  finer  than  44  microns  because  the 
testing  laboratory  did  not  grade  the  sample  further  when  it  constituted 
less  than  about  2  percent  of  the  sample.  Values  less  than  2  percent  are 
included  in  the  table  representing  total  values  of  particles  finer  than 
44  microns  but  are  treated  as  zeroes  in  the  presentation  of  the  three 
subclasses,  thus  reducing  the  averages  when  their  total  is  divided  by 
the  number  of  samples  collected  (18)  at  each  sampling  station. 

137.  The  highest  mean  annual  percentage  of  volatile  solids  in  the 
sediments  of  all  the  stations  was  3.31  percent  and  occurred  in  transect  B 
at  elevation  1.  The  lowest  mean  annual  percentage  was  0.81  and  occurred 
in  transect  D  of  elevation  2. 

138.  Figure  B14  shows  the  change  by  time  in  percentage  composition  of 
sediments  collected  at  each  sampling  elevation  by  particle  size  groupings 
of  (1)  gravel  (greater  than  2.38  mm),  (2)  sand  (0.044-2.37  mm),  and 

(3)  silt  and  clay  (less  than  44  microns) .  Distribution  of  sediments  by 
particle  size  was  similar  at  each  elevation  throughout  the  sampling  period. 

139.  Changes  in  volatile  solid  content  of  sediments  at  the  various 
sampling  stations  during  the  course  of  the  sampling  period  are  shown  in 
figure  B15.  The  changes  were  negligible,  less  than  2  percent,  at  each 
elevation. 
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Figure  B14.  Change  by  Time  in  Percentage  Composition  of  Sediments 
Collected  at  Each  Sampling  Elevation  by  Particle 
Size  Grouping 
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Food  Utilization 


140.  The  results  described  in  this  section  are  based  upon  data 
located  in  Appendix  Table  B12  which  is  the  complete  data  matrix  for  the 

food  utilization  study.  Detailed  descriptions  have  been  prepared  for  the 

\ 

iin  nekton  species  encountered  at  the  Miller  Sands  study  area.  Table 
B21  is  a  species  list  of  all  items  consumed  by  all  species  of  fish  at 
Miller  Sands. 

Fear'-_uth  Ch  ob 

_ 1976 _ _ 1977 _ 

Jul _ Sep  Nov  Mar _ May _ Jul 


Total  fish  examined 

185  365 

34 

4 

68 

127 

Total  empty  stomachs 

185  363 

34 

4 

68 

126 

141.  Cove  stations 

All  peamouth 

chub  collected  at 

the  cove 

stations 

had 

empty 

stomachs . 


142.  Intertidal  stations: 

Two  peamouth  captured  in  September  contained  digested  material 
and  one  sampled  in  July  1977  contained  a  small  amount  of  unidentified 
vegetation. 


Coho  Salmon 

1976 

1977 

Jul 

Sep 

Nov 

Mar 

May 

Jul 

Total  fish  examined 

0 

0 

0 

0 

28 

5 

Total  empty  stomachs 

0 

0 

0 

0 

10 

3 

65 


Cove  stations: 


143.  Few  coho  salmon  were  collected  during  this  study.  Coho  were 
captured  during  the  day  once;  therefore,  day  to  night  comparisons  cannot 
be  made.  C.  salmonis  was  the  most  important  food  item  consumed  and 

V 

ade  up  13  to  100  percent  of  the  total  numbers  in  May  for  fish  of  all 
sizes  and  100  percent  for  fish  101  to  200  mm  in  July  1977.  C.  salmonis 
made  \  j  48  to  100  percent  of  the  volume  during  this  time.  Fish  51  to 
150  mm  cons amed  chironomid  pupae  in  May. 

Intertidal  stations: 

No  coho  salmon  were  sampled  from  the  intertidal  stations. 

Chum  Salmon 


Total  fish  examined 
Total  stomachs  empty 

Cove  stations: 

144.  Fish  of  all  sizes  captured  during  the  day  in  March  and 
May  consumed  chironomid  pupae  accounting  for  35  to  100  percent  of 
the  numbers  and  48  to  100  percent  of  the  volume.  Also  consumed  were 
N.  mercedis  and  chironomid  larvae  in  March  and  T.  pad ficus  larvae  in 
March  and  T.  pad  ficus  larvae  in  May. 

The  night  sampling  resulted  in  chironomid  pupae  accounting 


1976 


1977 


Jul 


Sep 


Nov 


Mar 


May  Jul 


0 

0 


0 

0 


0 

0 


26 

2 


16 

2 


0 

0 


4 

« 


for  77  to  100  percent  numerically  and  26  to  100  percent  volumetrically . 
Also  consumed  were  C.  salmonis  in  March  and  D.  longispina  in  May. 


Intertidal  stations: 

No  chum  salmon  were  sampled  at  the  intertidal  stations. 

Chinook  Salmon 


1976 

1977 

Jul 

Sep 

Nov 

Mar 

May 

Jul 

Total  fish  examined 

25 

37 

18 

225 

213 

141 

Total  empty  stomachs 

7 

5 

0 

21 

52 

30 

Cove  stations: 

145.  Fish  of  all  sizes  captured  during  the  day  consumed  large  num¬ 
bers  and  volumes  of  C.  salmonis  and  chironomid  pupae.  A  balance  was 
observed;  when  few  C.  salmonis  were  eaten,  many  chironomid  pupae  were 
consumed  and  vice  versa.  Chinook  26  to  150  mm  consumed  few  C.  salmonis 
and  many  chironomid  pupae  while  those  fish  over  151  mm  consumed  many 

C.  salmonis  and  few  chironomid  pupae. 

146.  Daphnia  longispina  composed  91  to  95  percent  numerically  in 
July  1976  at  Stations  3  and  11,  and  96  percent  in  September  at  Station  3. 
Diptera  adults  made  up  greater  than  90  percent  of  both  number  and  volume 
at  Station  11  in  November.  Hymenoptera  (ants)  were  eaten  by  fish  larger 
than  101  mm  at  Station  5  in  March  as  were  diptera  adults.  Mysids,  N. 
mercedis,  were  infrequently  consumed  July  through  November  1976. 

147.  The  night  feeding  pattern  was  similar  with  C.  salmonis  account¬ 
ing  for  much  of  the  stomach  contents  March  through  July  1977,  especially 
March.  Chironomid  pupae  were  important  food  items  November  1976  through 
July  1977,  especially  in  May.  N.  mercedis  were  important  to  the  chinook 
diet  for  fish  over  101  mm.  While  they  occurred  during  the  entire  study, 


two  peaks  were  noted  in  September  and  May  when  they  occasionally  accounted 
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for  100  percent  of  the  stomach  contents. 


( 


i 


148.  The  cladoceran,  D.  longispina ,  was  important  in  July  1976  and 
1977  for  fish  over  51  mm.  When  D.  longispina  were  consumed  they 
accounted  for  more  than  88  percent  of  the  volume.  Hymenoptera  were  con¬ 
sumed  by  fish  over  101  mm  at  Station  11  in  September,  and  in  November 
1976  accounted  for  over  77  percent  of  the  number  and  weight  of  the 
stomach  contents. 

Intertidal  stations: 

149.  Chironomid  pupae  accounted  for  over  77  percent  of  the  total 
number  and  volume  in  July  1977.  C.  salmonis  and  Ephemeroptera  were  the 
two  main  diet  components  for  March  supplemented  by  occasional  mysids, 

N.  mereedis ,  and  an  Odonata  nymph. 


Starry  Flounder 


1976 

1977 

Jul 

Sep 

Nov 

Mar 

May 

Jul 

Total  fish  examined 

212 

81 

108 

40 

93 

198 

Total  empty  stomachs 

80 

58 

81 

23 

81 

119 

Cove  stations: 

150.  Chironomid  larvae  made  up  over  80  percent  of  the  diet  numer¬ 
ically  for  most  fish  under  100  mm  in  day  samples  from  July  1976  and  1977 
The  exception  was  Station  11  where  D.  longispina  and  C.  salmonis  were 
important.  C.  salmonis  was  also  important  at  Stations  9  and  10  and, 
for  starry  flounder  over  101  mm,  at  Stations  3  and  10.  Juvenile  clams, 
C.  fluminea ,  were  eaten  by  flounder  over  100  mm  at  Stations  3  and  10. 
Oligochaetes  made  up  50  to  86  percent  of  the  numbers  at  Station  3  in 
July  1976  but  did  not  contribute  significantly  to  the  total  volume. 
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151.  Chironomid  larvae  made  up  30  to  100  percent  of  the  number  and 
volume  of  the  stomachs  of  most  flounder  under  100  mm  collected  at  night 
during  July  1976  and  1977.  C.  salmonis  were  important  in  September  and 
November  at  Stations  9  and  3,  respectively,  and  at  Station  10  in  July 
1976.  Chironomid  pupae  comprised  over  40  percent  of  the  number  and  vol¬ 
ume  at  Station  9  in  July  1977.  Starry  flounder  over  100  mm  consumed 
C.  salmonis ,  chironomid  pupae,  and  unidentified  fish  in  March  at  Sta¬ 
tion  3  and  chironomid  larvae  in  November. 

Intertidal  stations: 

Starry  flounder  between  51  and  75  mm  consumed  25  percent 
C.  salmonis  and  75  percent  oligochaetes  although  each  contributed  nearly 
equally  to  the  volume. 

Threespine  Stickleback 


Total  fish  examined 
Total  stomachs  empty 

Cove  stations: 

152.  All  threespine  sticklebacks  sampled  were  75  mm  or  less.  Plank¬ 
tonic  organisms  were  dominant  in  the  diet  of  day  samples  although  C. 
salmonis  was  the  sole  diet  in  March  at  Station  11  and  chironomid  pupae 
made  up  over  50  percent  of  the  diet  in  July  1977  at  Station  5.  The 
copepod,  E.  hirundoid.es,  accounted  for  more  than  77  percent  of  the  number 
and  29  percent  of  the  volume  in  May  at  Stations  2  and  3  while  Diaptomus 


1976 

1977 

Jul 

Sep 

Nov 

Mar 

May 

Jul 

109 

60 

25 

79 

53 

110 

51 

44 

11 

19 

18 

85 

69 
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sp.  was  important  in  July  1977  at  Station  10.  D.  longispina  accounted 
for  over  60  percent  of  the  number  and  35  percent  of  the  volume  in  July 
1976  at  Stations  3,  9  and  10;  in  September  at  Station  3;  in  March  at 
Station  5;  in  May  at  Station  11;  and  in  July  1977  at  Stations  9  and  10. 

153.  Nocturnal  samples  showed  a  similar  pattern  although  C.  salmonis 
was  more  prevalent,  especially  in  March  when  it  accounted  for  10  to  100 
percent  numerically,  and  35  to  100  percent  volumetrically .  E.  hirundoides 
was  especially  important  in  September  and  November  at  Stations  2,  3  and 
11,  and  in  July  1976  at  Station  9.  D.  longispina  contributed  to  the 
July  1976  night  diet  in  amounts  exceeding  90  percent  numerically  and 
volumetrically  at  Stations  2,  5,9  and  10.  Ostracods  accounted  for  27 
to  50  percent  of  the  diet  of  some  fish  in  March  at  Stations  2  and  5. 

Intertidal  stations: 

1.54.  Oligochaetes  accounted  for  all  the  diet  in  November  and 
C.  salmonis  in  March.  D.  longispina  made  up  over  75  percent  of  the 
number  in  July  1976  although  it  was  not  significant  volumetrically. 
Chironomid  pupae  accounted  for  97  and  99  percent  of  the  number  and  vol- 


ume  in  July  1977. 

Largescale  Sucker 

1976 

1977 

Jul 

Sep 

Nov 

Mar 

May 

Jul 

Total  fish  examined 

39 

31 

14 

12 

6 

1 

Total  stomachs  empty 

39 

31 

14 

12 

6 

1 

All  largescale 

sucker 

stomachs  were 

empty 

during 

this  study 
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Prick  '  ••  Sculpin 


1976 _ 

Sep  Nov 


_ 1977 _ 

Mar  May  Jul 


Jul 

Total  fish  examined  9  10  7  0  0  0 

7  Jtal  stomachs  empty  6  1  3  0  0  0 

Cove  stations: 

-55.  The  stomachs  sampled  contained  starry  flounder  juveniles  at 
Station  3  in  July  1976.  At  Station  6  (a  night  sample)  N.  meroedis  and 
unidentified  fish  completed  the  diet  in  November. 

Intertidal  stations: 

156.  In  September  C.  salmonis  contributed  62  percent  of  the  number 
and  N.  mercedis  29  percent,  while  unidentified  fish  made  up  95  percent 
of  the  volume.  N.  mercedis  was  the  sole  diet  item  in  November. 


Pacific  Staghorn  Sculpin 


1976 

1977 

Jul 

Sep 

Nov 

Mar 

May 

Jul 

Total  fish  examined 

0 

2 

20 

55 

80 

103 

Total  stomachs  empty 

0 

2 

9 

14 

17 

49 

Cove  stations: 

157.  C.  salmonis  dominated  the  daytime  diet  in  March  and  May  making 
up  33  to  100  percent  of  the  total  diet  except  at  Stations  3  and  6  which 
had  no  staghorn  sculpin  in  March.  Chironomid  larvae  were  important  at 
Stations  3  and  6  in  July,  accounting  for  80  to  100  percent  numerically 
and  less  volumetrically .  N.  meroedis  accounted  for  29  to  67  percent  of 
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the  diets  in  November  and  May  at  Stations  11  and  10,  respectively. 

158.  The  night  samples  showed  C.  salmonis  to  account  for  much  of 

the  diet  November  through  July  1977  supplemented  by  N.  mercedis .  A  juven¬ 
ile  Chinook  salmon  was  consumed  by  a  staghorn  sculpin  larger  than  101  mm 
j  July  1977  at  Station  10. 

Intertidal  stations: 

C.  salmonis  in  March  and  chironomid  larvae  in  July  1977  were  the 
dominant  food  items  consumed  by  Pacific  Staghorn  sculpin  26-50  mm  total 
length. 

159.  Table  B22  (based  upon  Appendix  Table  B13)  lists  the  food  items 
consumed  by  all  fish  captured  at  Miller  Sands  in  decreasing  order  of 
abundance  based  upon  total  numbers.  Pour  species  make  up  96  percent  of 
the  total  number  of  food  items  consumed:  Daphnia  longispina,  Eurytemora  * 
hincndoides ,  Corophium  salmonis ,  and  chironomid  larvae  and  pupae.  Of 
these,  the  first  two  are  planktonic  and  the  third  benthic,  while  the  last 
are  epibenthic  to  drift  organisms. 

160.  The  planktonic  items  were  usually  consumed  in  quantity  and  often 
composed  most  of  the  stomach  contents.  Chironomid  larvae  and  pupae  were 
often  found  together  with  C.  salmonis  in  the  stomachs. 

161.  Figure  B16  shows  the  seasonality  of  the  dominant  food  items 
plus  N.  mercedis  based  on  percent  numbers  (based  upon  Appendix  Table 
B13.  Distinct  peaks  occur  for  all  items: 

Chironomid  larvae  July  1976,  March  1977,  July  1977 

Chironomid  pupae  March  1977,  May  1977 

Corophium  salmonis  March  1977 

Daphnia  longispina  July  1976,  July  1977 
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Eurytemora  hirundoides  November  1976,  May  1977 


Neomysis  meroedis  September  1976,  March  1977 

V 

Consumption  of  E.  hirundoides  peaks  in  November  when  the  other 
dominant  food  items  were  not  eaten.  C.  salmonis  and  chironomid  pupae 
increased  in  the  diet  along  an  almost  parallel  course  from  November  to 
March  although  peak  C.  salmonis  consumption  occurs  in  March  and  chironomid 
pupae  in  May .  D.  longispina  consumption  peaks  twice,  July  1976  and  July 
1977.  Small  peaks  were  noted  for  N.  meroedis  in  September  and  March. 

Peak  consumption  of  chironomid  larvae  occurred  in  July  1976  and  March 
1977. 

162.  Table  B23  lists  the  mean  annual  percent  number  of  food  in  the 
nekton  stomachs  of  important  species  and  in  the  benthic  environment. 

Since  many  of  the  fish  consumed  planktonic  organisms,  this  table  shows 
only  the  relationship  to  the  benthos  and  not  to  the  Miller  Sands  environ¬ 
ment  as  a  unit. 

163.  Peamouth  chub  and  largescale  sucker  did  not  contain  full  stom¬ 
achs.  The  Chinook  salmon  consumed  oligochaetes  in  a  percentage  far  less 
than  the  percentage  of  their  occurrence  in  the  benthos.  However,  they 
consumed  D.  longispina ,  N.  meroedis ,  C.  salmonis,  A.  conf ervicolus , 
chironomid  larvae  and  pupae,  and  diptera  in  percentages  greater  than 
their  percentage  occurrences. 

164.  Starry  flounder  and  threespine  stickleback  related  to  the 
benthos  in  a  similar  way,  consuming  most  items  in  greater  proportion  to 
that  in  which  they  occur  in  the  benthos.  These  means  are  not  weighted 
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averages  but  merely  indicator  means.  Staghorn  sculpin  and  prickly  scul- 
pin  also  displayed  a  similar  relationship  to  the  benthos,  consuming  most 
items  in  a  greater  proportion  than  that  in  which  they  occur  in  the 
benthos.  Prickly  sculpin  did  not  utilize  the  amphipods  C.  salmonis  and 
...  confervioolus  as  much  as  did  the  staghorn  sculpin. 

165.  Distinct  seasonal  feeding  trends  occurred  for  fish  sampled 
from  Ciller  Sands  (Figure  B16.)  While  the  chart  indicates  the  pattern 
derived  from  the  total  data  matrix,  seasonal  patterns  of  selected  fish 
species  correlate  to  Figure  B16,  hereafter  called  the  master  chart.  Pea- 
mouth  chub  and  largescale  sucker  did  not  contain  food  and  coho  and  chum 
salmon  were  small  samples;  seasonal  trends  were  not  noted.  The  follow¬ 
ing  comparisons  were  made: 

1.  Chinook  salmon  fed  heavily  on  C.  salmonis  and  chironomid 
pupae  March  through  July  1977 ,  corresponding  to  the 
bimodal  peak  of  the  two  species.  Heavy  predation  on 

D.  longispina  in  July  fits  the  master  pattern. 

2.  Starry  flounder  consumed  chironomid  larvae  in  July,  Septem¬ 
ber,  and  November  1976  and  July  1977,  following  the  general 
plot  of  the  master  chart.  During  March,  C.  salmonis  and 
chironomid  pupae  were  both  consumed.  As  with  the  chinook, 
starry  flounder  fed  on  D.  longispina  in  July,  in  accord¬ 
ance  with  the  charted  peak. 

3.  Threesoine  stickleback  consumed  E.  hirundoides  July  through 
November  1976  which  corresponds  to  the  master  chart. 

D.  longispina  peak  consumption  was  in  July  1976  and  1977, 


1976  1977 


Chi ronomid  lorvo* 
Chironomid  pupa* 
Corophium  «olmoni» 
Pophnio  longitpinq 
£ury»>moro  hirundoid*» 
N*o«nyti»  m>rcadi» 


Figure  Bl6.  Bimonthly  numerical  percentages  of  six  main  food  items 
consumed  by  all  nekton  at  Miller  Sands,  Columbia  River,  July  1976 
through  July  1977. 


in  accordance  with  the  charted  peak.  C.  salmonis  and 
chironomid  pupae  were  consumed  most  often  March  through 
July  1977. 

4.  Prickly  sculpin  were  not  sampled  often  but  those  examined 
had  consumed  N.  mercedis  in  September,  corresponding  to 
the  peak  in  Figure  B16. 

5.  Staghorn  sculpin  consumed  C.  salmonis  March  through  July 
1977  which  matches  the  declining  side  of  the  peak.  How¬ 
ever,  in  this  case  chironomid  pupae  were  not  eaten  together 
with  the  C.  salmonis.  Instead,  chironomid  larvae  were 
preyed  upon  March  through  July  which  spans  two  of  the  three 
overall  peaks. 

166.  The  main  predator  species  consumed  a  variety  of  food  items  (see 
Appendix  Table  B13)  yet  several  prey  species  were  dominant.  Peamouth 
chub  and  largescale  sucker  stomachs  did  not  contain  identifiable  food. 
Chum  and  coho  were  collected  in  small  numbers  and  the  data  suggests  they 
are  primarily  benthic  and  epibenthic  feeders,  occasionally  consuming  zoo¬ 
plankton. 

167.  Chinook  salmon  consumed  the  greatest  variety  of  items  yet 
primarily  fed  on  benthic  and  epibenthic  chironomid  pupae.  In  July  plank¬ 
tonic  D.  longispina  were  consumed  and  N.  mercedis  were  eaten  occasionally 
throughout  the  study. 

168.  Starry  flounder,  staghorn  sculpin,  and  prickly  sculpin  all  fed 
on  C.  salmonis ,  chironomid  larvae  and  pupae,  N.  mercedis }  and  small  fish. 
In  addition,  starry  flounder  also  consumed  oligochaetes  and  C.  fluminea. 
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169.  Threespine  stickleback  was  predominantly  a  planktonic  feeder 
on  D.  longispina  and  E.  hirundoides  and  also  consumed  C.  salmonis  and 
chironomid  pupae. 

170.  The  sizes  of  the  fish  did  not  significantly  affect  the  food 

\ 

habits  of  most  fish.  Chinook  salmon  greater  than  100  mm  consumed  more 
mysids  and  insects  than  did  fish  under  100  mm.  Staghorn  sculpin  over  75 
mm  also  consumed  slightly  more  mysids  than  did  the  smaller  sculpin. 

While  the  large  fish  were  able  to  consume  greater  quantities  of  food,  the 
species  composition  was  similar  for  all  sizes. 

171.  Comparing  data  becween  day  and  night  samples  and  among  areas 
presents  a  problem  in  food  utilization  studies.  A  fish  may  have  fed 
during  the  day  and  been  captured  at  night.  Similarly,  a  fish  may  have 
eaten  in  one  area  and  then  swam  to  the  area  where  it  was  captured. 

172.  Data  from  the  Miller  Sands  food  utilization  study  showed  few 
differences  between  day  and  night  samples,  between  cove  and  intertidal 
areas,  and  among  stations  within  the  cove  area.  N.  mercedis  were  con¬ 
sumed  slightly  more  during  the  night  samples  than  during  the  day. 

173.  With  the  exception  of  peamouth  chub  and  largescale  sucker, 
the  dominant  nekton  species  captured  at  Miller  Sands  contained  food 
during  the  entire  study  and  are  feeding  in  the  area.  The  four  dominant 
prey  items  have  been  recognized  as  being  important  to  salmon  and  other 
species  of  fish  in  the  lower  Columbia  River  estuary  (Craddock  et  al.  1976, 
Durkin  et  al.  1977a,  Durkin  et  al.  1977b) . 

( 
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PART  IV:  SUMMARY  AND  CONCLUSIONS 


BENTHOS 

174.  The  1976-1977  data  showed  conclusively  the  greatest  density  of 

V 

organisms  existed  at  the  subtidal  and  0.3m  elevation  sites.  Results  of 
sediment  analysis  showed  that  sediment  size  and  types  were  similar  for 
intertidal  and  tidal  areas.  Sand,  those  particles  between  0.044  to  2.37mm, 
comprised  about  90-98%  of  all  samples  at  all  elevations.  Organic  matter 
was  between  8.81  and  3.31%  and  there  was  no  significant  seasonal  changes.- 
Density  of  organisms  is  therefore  not,  in  this  situation,  a  function  of 
sediment  size  and  types,  but  density  differences  were  more  a  function  of 
tidal  exposure  and  wave  action.  Maximum  numbers  occurring  where  water 
was  calmer  and  they  were  continually  submerged. 

175.  It  is  difficult  to  make  comparisons  between  the  1975-1976  study 
and  the  1976-1977  study  because  stations  have  been  changed  and  added, 

the  Miller  Sands  region  has  been  built  up  and  methods  of  analyzing  data 
were  dissimilar.  There  are  some  important  comparisons  that  can  be  men¬ 
tioned.  Tables  B15  and  B18  show  the  average  number  of  organisms  per  square 
metre  is  much  higher  the  first  year  than  the  second.  Oligochaetes  were 
3030/m  the  first  year  and  942/m  the  second  year.  There  are  also  more 
variety  of  organisms  found  the  first  year.  The  clam,  Adonata,  the  amphi- 
pod,  Eohaustorius,  the  flatworm,  Platyhelmenthes ,  and  the  mysid,  Beovnysis, 
were  not  found  in  1976-1977.  Gastropods  were  grouped  together  under  one 
heading  but  two  types  are  present.  Approximately  87%  belong  to  the  family 
Amnicolidae  and  the  remaining  13%  were  the  genus  Plearoeera.  In  both 
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studies  Oligochaetes,  Corophium,  and  Chironomids  constituted  approxi¬ 
mately  92-94%  of  the  total  organisms  captured  at  Miller  Sands. 


NEKTON 


176.  The  Miller  Sands  nekton  studies  cover  the  fifteen  survey  periods 
March  1975  -  July  1977,  as  summarized  below: 

1. ' Twenty  species  of  nekton  were  captured  during  this  study 

period. 

2.  Four  of  these  were  dominant  and  accounted  for  93  percent 

of  the  total  catch;  i.e.,  juvenile  chinook  salmon,  peamouth 
chub,  starry  flounder,  and  threespine  stickleback. 

3.  Juvenile  chinook,  the  most  important  economic  species  was 
present  during  each  survey  with  peak  catch  occurring  in 

May  1976.  This  species  was  distributed  throughout  the  cove. 

4.  Peamouth  chub  was  the  most  abundant  species  captured  at  the 
intertidal  marsh  habitat  site.  Peamouth  was  the  major 
species  captured  at  all  fyke  net  sites  and  at  beach  seine 
stations  number  5  (the  marsh  habitat  site) . 


5.  The  largescale  sucker  was  the  dominant  species  by  total 
weight  (76,489  grams).  The  carp  was  the  largest  individual 
species  captured  with  an  average  weight  per  individual  of 
1445.7  grams. 

6.  Main  age  class  of  the  five  dominate  species  aged  are  as  fol¬ 


lows  : 


Peamouth  Chub 
Chinook  Salmon 
Starry  Flounder 
Threespine  Stickleback 
Largescale  Sucker 


age  class  1 
age  class  1 
age  class  1 
age  class  4 
age  class  4 
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7.  Statistical  analyses  did  not  reveal  a  difference  between 
daytime  and  night  time  catches  although  there  were  bi¬ 
monthly  variations. 

8.  A  comparison  of  four  beach  seine  stations  (2,  3,  10,  11) 

\ 

fished  during  daylight  hours  in  March,  May  and  June  during 
the  three  years  of  the  study  indicated  that  a  change  occurred 
during  the  post-operational  phase;  i.e.,  the  general  trend 
in  1975  and  1976  was  for  the  CPUE  to  be  low  in  March  and 
then  increase  during  May  and  July.  In  1977  the  catch  was 
at  its  highest  in  March  and  decreased  to  the  lowest  value 
recorded  in  July. 

FOOD  UTILIZATION 

177.  The  Miller  Sands  food  utilization  study  generated  new  and  valu¬ 
able  information  regarding  feeding  habits  of  fish  in  the  lower  Columbia 
River.  The  predator  species  designated  for  analysis  were  peamouth  chub, 
coho  salmon,  chum  salmon,  Chinook  salmon,  starry  flounder,  threespine 
stickleback,  largescale  sucker,  prickly  sculpin,  and  staghorn  sculpin. 

The  food  utilization  study  of  fish  captured  at  the  Miller  Sands  site  yielded 
information  indicating  that  the  habitat  development  project  did  indeed 
provide  a  feeding  area  for  indigenous  nekton  species.  Important  conclu¬ 
sions  are: 

1.  Four  main  species  of  prey  items  made  up  96  percent  of  the 
total  number  of  items  consumed  by  all  fish  at  a] 1  stations. 
These  are  Daphnia  longispina,  Eurytemora  hirundoides , 

s 

Corophium  salmonis ,  and  chironomid  larvae  and  pupae. 
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2.  Distinct  seasonal  trends  in  feeding  were  observed  that 
were  applicable  to  most  species  examined.  The  peaks  were: 

a.  July  1976  -  D.  longispina  and  chironomid  larvae 

b.  September  1976  -  D.  longispina  and  N.  mercedis 

c.  November  1976  -  E.  hirimdoides 

d.  March  1977  -  C.  salmonis  and  chironomid  pupae 

e.  May  1977  -  Chironomid  pupae  and  E.  hirundoides 

f.  July  1977  -  D.  longispina  and  chironomid  larvae 

3.  Size  of  the  predator  did  not  have  a  great  effect  on  species 
composition  of  the  prey.  N.  mercedis  were  consumed  often 

by  Chinook  salmon  over  100  mm  and  staghorn  sculpin  over  75  mm. 

4.  Overlap  between  percentages  of  prey  items  consumed  by 
selected  fish  species  and  percentages  of  invertebrates 
occurring  in  the  benthic  samples  was  limited. 

5.  Little  difference  was  detected  between  day  and  night  sam¬ 
ples  although  more  N.  mercedis  seemed  to  be  recorded  from 
night  samples. 

6.  Few  differences  were  noted  between  stations  although  the 
fishes'  mobility  makes  this  type  of  determination  a  problem. 

7.  C.  salmonis  and  chironomid  larvae  were  frequently  found 
together  within  the  stomaches.  Some  association  may  be 
occurring  that  would  merit  further  study. 

8.  Peamouth  chub  and  largescale  sucker  did  not  seem  to  be 
feeding  in  the  vicinity  of  Miller  Sands. 

9.  Juvenile  Chinook  salmon  made  heavy  use  of  the  Miller  Sands 
area  for  feeding  March  through  July  1977. 

178.  The  data  base  for  this  report  was  three  years.  Limiting  fac¬ 
tors  for  growth  and  survival  of  salmon  and  other  species  of  fish  are 
increasing  in  the  Columbia  River.  As  much  information  as  possible  on 
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the  migration,  growth,  survival,  and  feeding  behavior  of  indigenous  fish 
species  will  be  invaluable  to  decision-making  processes  now  and  in  the 
future.  Additional  data  would  serve  as  a  basis  for . comparing  and 
strengthening  conclusions  derived  from  this  study. 
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Table  Bl.  Designated  sampling  sites  at  Miller  Sands  which  were  monitored 
for  benthos,  nekton,  zooplankton,  and  water  quality  during  I  -  Baseline 
Inventory,  March  1975  -  May  1976,  and  II  -  Post-Operational  Study,  July 
1976  -  July  1977. 


Benthos 

Nekton 

Water 

Quality 

Zooplankton 

I 

II 

I 

II 

I 

II 

I 

1 

- 

X 

- 

- 

- 

X 

_ 

2 

X 

X 

X 

X 

X 

X 

- 

3 

X 

X 

X 

X 

X 

X 

- 

4 

- 

X 

- 

- 

- 

- 

- 

5 

- 

X 

- 

X 

- 

- 

X 

6 

X 

X 

- 

X 

X 

X 

- 

7 

- 

X 

- 

- 

- 

- 

- 

8 

- 

X 

- 

- 

- 

- 

- 

9 

- 

X 

- 

X 

- 

X  1/ 

- 

10 

X 

X 

X 

X 

X 

X 

X 

11 

X 

X 

X 

X 

X 

X 

- 

12 

X 

- 

X 

- 

X 

X 

X 

SI 

X 

- 

- 

- 

X 

- 

X 

Elevations  Monitored  at  Marsh  Development  Site 
July  1976  -  July  1977 

Transects  Benthos  Nekton  Water  Quality 

(fyke) 

A  1-2-3  1  11/ 

B  1-2-3  1  11/ 

C  1-2-3  1  11/ 

D  1-2-3  1  ]  1/ 

E  1-2-3  1  11/ 

Elevations  at  sampling  sites  1,  2,  and  3  are  .3,  1.2,  and  1.8  meters 

respectively . 

]_/  Water  quality  stations  were  discontinued  after  the  September  1976 
survey. 
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Table  B2.  Variables,  standard  units  and  symbols,  and  methods  used  in 
monitoring  and  reporting  water  quality  at  the  Miller  Sands  site, 
Columbia  River,  Oregon. 


VARIABLE  UNITS  SYMBOLS  METHOD 


Temperature 

Degrees 

(6C) 

Meter 

pH 

pH  Units 

- 

Meter 

Salinity 

Parts/thousnad 

(°100) 

Meter 

Conductivity 

Micro  M  ho/CM  at  25°C 

(mho/cm) 

Meter 

Dissolved  Oxygen 

Milligrams/litre 

(mg/1) 

Meter 

Alkalinity 

Milligrams/litre  CaC03 

(mg/1 ,CaC03) 

Chemical 

Ammonia  (NH-N/1) 

Milligrams/Nitrogen/litre 

(mg  N/l ) 

Meter 

Turbidity  1/ 

Formazin  Turbidity 

(FTU) 

Nephelometric 

Nitrogen  Saturation 

Millilitres  Nitrogen/ 
litre 

(ml  N2/i) 

Van  Slyke 

Nitrogen  Saturation 

Percent  Saturation 

(0/0) 

Van  Slyke 

1/  Formazin  turbidity  units  (FTU)  and  Nephelometric  turbidity  units  are 
interchangeable . 
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Table  B3.  List  of  zooplankton  taxa  and  other  genera  of 
aquatic  organisms  found  in  nets  during  zooplankton 
surveys  at  Miller  Sands,  1975  -  1976. 


Cladoceva 

Bosmina 

Daphnia 

Chydorus 

Ceriodaphnia 

Monosphilus 

Leydigia 

Simocephalus 

Alona 

Macrothrix 

Sida 

Leptodora 

Eurycerus 

Copepoda 

Cyclops 

Eurytemora 

Bryacamptus 

Copepodites 

Diaptomus 

Other 

Plecoptera 

Diptera 

Odonta 

Thaleichthys  (smelt  larva) 

Ostracoda 

Eubranchips 

Gammarus 
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Table  34.  Summary  of  total  catch  per  cubic  metre  of  zooplankton  and 
other  related  organisms  by  station  and  sampling  period  at  Miller 
Sands,  1975  -  1976. 


Station  Numbers  1/ 
Snag 


Date 

5 

11 

12 

Island 

Total 

March  1975 

6.0 

2.0 

6.4 

7.1 

21.5 

May 

53.6 

23.2 

71.9 

60.4 

209.2 

July 

179.2 

72.5 

139.0 

99.9 

490.6 

August 

484.7 

948.6 

299.7 

576.5 

2309.5 

September 

1669.5 

2115.5 

1368.5 

830.2 

5983.7 

November 

21.7 

17.2 

10.6 

16.5 

66.0 

January  1976 

8.5 

9.1 

9.7 

4.0 

31.3 

March 

4.5 

3.3 

5.8 

7.8 

21.4 

May 

39.2 

16.6 

13.9 

20.6 

90.3 

Totals 

2466.9 

3208.1 

1975.5 

1623.0 

9223.5 

1/  Stations  5  and  11  were  in  the  cove.  Station  12  was  on  the  river  side, 
and  Snag  Island  was  used  as  a  remote  reference  area. 
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TABLE  B6.  A  list  of  fishes  captured  during  fifteen  sampling  periods  at 
the  Miller  Sands  study  area,  March  1975  to  July  1977. 


Common  Name  Scientific  Name  Number  Captured 


Chinook  Salmon 

Oncorhynchus  tshauytscha 

5789 

Peamouth 

Mylocheilus  caurinus 

3361 

Starry  Flounder 

Platichthys  stellatus 

2502 

Threespine  Stickleback 

Gastevosteus  aculeatus 

1164 

Largescale  Sucker 

Cato stomus  macrocheilus 

263 

Staghorn  Sculpin 

Leptocottus  armatus 

218 

American  Shad 

Alosa  sccpidissima 

216 

Prickly  Sculpin 

Cottus  asper 

125 

Longfin  Smelt 

Spirinchus  thaleichthys 

120 

Coho  Salmon 

Oncorhynchus  kisutch 

77 

Chum  Salmon 

Oncorhynchus  keta 

51 

Eulachon 

Thaleichthys  pacificus 

50 

Squawf ish 

Ptychocheilus  oregonensis 

32 

Carp 

Cyprinus  carpio 

30 

Steelhead  Trout 

Salmo  gairdneri 

7 

Surf  Smelt 

Hypomesus  pretiosus 

4 

Cutthroat 

Salmo  clarki 

2 

Sockeye  Salmon 

Oncovhynchus  nerka 

2 

Mountain  Whitefish 

Prosopium  williamsoni 

1 

Pacific  Lamprey 

Entosphenus  tridentatus 

1 
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Total  38  55  15  21  15  144  3.2  4  109  16  3  10  142 

CPUE  4.2  6.1  1.7  2.3  1.7  3.2  .4  12.1  1.8  .3  1.1  3.2 
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Table  B9.  Monthly  Catch  and  Catch  Per  Unit  of  Effort  of  the  Four  Dominant  Fish  Species  Collected  During  the  Day 
with  Beach  Seines  July  1976  -  July  1977. 
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Table  BIO.  .thly  Catch  and  Catch  Per  Unit  Effort  of  the  Four  L  ^nant  Fish  Species  Collected  a  j.ght 
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Table  Bll .  .ithly  Catch  and  Catch  Per  Unit  Effort  of  the  Four  inant  Fish  Species  Collected 
the  Day  with  Fyke  Nets  July  1976  -  July  1977. 
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Table  B12  .  Catch  per  Unit  of  Effort  of  the  Four  Dominant  Fish  Species  Captured  by  Beach  Seine 
During  Day  and  Night  at  Miller  Sands,  March,  1975  to  July  1977. 
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Table  B13.  >  Class  by  Month  of  the  Three  inant  Nekton  Species  ptured  at  Miller  Sands  During 

Surveys  March  1975  -  July  1977. 
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Table  B13.  (Continued 
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Table  Bl4.  Site  Comparison  for  Beach  Seine  Stations  of  Total  Nekton  Sampled  During  Each  of  the  Fifteen 
Sampling  Periods. 


TABLE  B15 


Average*  Monthly  Biomass  (g/m2  Wet  Weight)  at 
Seven  Sampling  Sites  on  Miller  Sands,  1975-1976. 


Station 

12 

2 

5 

7 

10 

11 

SI 

Month 

March 

2.9280 

19.6020 

5.8680 

45.3860 

33.9780 

8.1920 

14.9600 

1975 

May 

3.3840 

45.9640 

68.1300 

27.0720 

17.7820 

11.1800 

12.1560 

1975 

July 

1.0680 

15.3700 

16.7000 

6.8888 

18.5440 

4.9900 

1.3540 

1975 

August 

1.1320 

4.2980 

50.1600 

4.2020 

3.3220 

2.4640 

.3540 

1975 

September 

30.2960 

13.9120 

15.4300 

12.1960 

3.6140 

5.5300 

3.0560 

1975 

November 

19.4700 

22.5420 

13.2440 

9.3940 

10.1160 

1.8440 

22.1000 

1975 

January 

6.5120 

8.8888 

77.6940 

15.2120 

12.1000 

61.2740 

.8720 

1976 

March 

2.2520 

20.5040 

52.4060 

29.9140 

14.5060 

50.8900 

1.8940 

1976 

May 

1.5640 

.5100 

71.9580 

15.4740 

48.3460 

9.1000 

39.3720 

1976 

Total 

Yearly 

Biomass 

g/m2 

68.6060 

151.5908 

371.5900 

165.7388 

162.3080 

155.4640 

96.1180 

♦Average  of  Six  Grabs 
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TABLE  B16 


Macroinvertebrate  Taxa  in  Order  of  Mean  Annual  Abundance 
From  Seven  Stations  at  Miller  Sands,  Oregon,  1975-1976 


Taxa  No/m2  Wet  Wt./m2 


Oligochaeta 

3030.50 

2.7500 

Corophium 

2005.50 

2.2142 

Nematoda 

181.95 

.0230 

Chironomidae 

153.70 

.4563 

Corbioula 

87.10 

2.6085 

Fish  eggs 

45.70 

.0139 

Polychaeta 

10.60 

.0444 

Gastropoda 

10.00 

.6430 

Neomysis 

5.05 

.0064 

Anisogarmarus 

1.95 

.0061 

Insect  Larvae 

.95 

.0221 

Platyhelmenthes 

.15 

.0006 

Eohaustorius 

.15 

.0005 

Lamprey 

.05 

.0410 

Adonata 

.03 

- 

( 
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Table  B17 


Macroinvertebrate  Taxa  in  Order  of  Mean  Annual  Abundance 
from  27  Stations  f?t  Miller  Sands,  Oregon 

July  1976  -  July  1977 

Avg.  No.  M2  Avg .  Mt .  M2 


Corophium 

942.4 

.1838 

Oligochaete 

731.6 

.3103 

Chironomidae 

251.5 

.1038 

Corbicula 

128.0 

5.6596 

Insect  Larva 

15.2 

.0124 

Gastropoda 

14.2 

.  3932 

Polychaete 

10.9 

.0039 

Cladocera 

4.7 

.0000 

Ostracod 

3.  6 

.0000 

Neomysis 

1.5 

.0015 

Anisogammarus 

1.2 

.0005 
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of  90  Samples 
of  198  Samples 


Average  Biomass  and  Percent  Total  of  Important  Macroinvertebrates  Per  Square  Metre  by  Elevation. 
Mollusca  ( Corbicula )  have  been  excluded  due  to  the  large  weight  discrepancy  introduced  by  the  shell. 


Table  B20.  Mean  Annual  Sediment  Size  and  Percent  Volatile  Solids  in 
Sediments  Associated  with  Macroinvertebrates  at  Miller  Sands. 


I 


( 


ELEVATION  1 

ELEVATION  2 

ELEVATION  3 

COVE 

MEAN 

S.E. 

MEAN 

S.E. 

MEAN 

S.E. 

MEAN 

S.E. 

SEDIMENT  PARTICLE 
TRANSECT 

SIZE  >4. 

75  mm 

A 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

B 

0.00 

0.00 

0.00 

0.00 

0.08 

0.04 

C 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

D 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

E 

COVE  MEAN 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

SEDIMENT  PARTICLE 
TRANSECT 

SIZE  2.38 

-  4.74 

mm 

A 

0.14 

0.09 

0.00 

0.00 

0.08 

0.02 

B 

1.26 

0.29 

0.33 

0.09 

0.52 

0.12 

C 

0.00 

0.00 

0.21 

0.08 

0.24 

0.06 

D 

0.07 

0.02 

0.02 

0.01 

0.14 

0.04 

E 

COVE  MEAN 

0.00 

0.00 

0.01 

0.01 

0.18 

0.14 

0.04 

0.01 

SEDIMENT  PARTICLE 
TRANSECT 

SIZE  1.19 

-  2.37 

mm 

A 

0.20 

0.04 

0.13 

0.03 

0.70 

0.05 

B 

1.35 

0.26 

0.69 

0.14 

1.41 

0.11 

C 

0.17 

0.06 

0.74 

0.05 

0.93 

0.11 

D 

0.60 

0.05 

0.30 

0.06 

0.83 

0.07 

E 

COVE  MEAN 

0.18 

0.06 

0.48 

0.21 

0.17 

0.07 

0.30 

0.06 

SEDIMENT  PARTICLE 
TRANSECT 

SIZE  0.42 

-  1.18 

mm 

A 

14.17 

0.37 

10.83 

0.36 

16.35 

0.47 

B 

6.40 

1 .22 

14.44 

1.06 

22.27 

1.14 

C 

1 .41 

0.41 

13.39 

0.39 

15.92 

0.97 

D 

13.11 

0.71 

13.80 

0.59 

16.42 

1.12 

E 

COVE  MEAN 

1.17 

0.33 

1.65 

0.29 

5.70 

0.53 

5.07 

0.57 

SEDIMENT  PARTICLE 

SIZE  0.149 

-  0.41  mm 

TRANSECT 

A 

75.79 

0.70 

83.76 

0.77 

80.93 

0.65 

B 

59.85 

2.20 

77.63 

1.07 

73.64 

0.94 

C 

49.42 

3.44 

81.24 

0.53 

78.70 

0.94 

D 

81.90 

0.67 

83.88 

0.80 

80.13 

1 .08 

E 

COVE  MEAN 

53.80 

1.66 

63.70 

1.87 

87.82 

2.33 

50.76 

1 .99 
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Table  B20.  Continued 


i 


( 


ELEVATION  1 


ELEVATION  2  ELEVATION  3 


COVE 


MEAN 

S.E. 

MEAN 

S.E. 

MEAN 

S.E. 

MEAN 

S.E. 

SEDIMENT  PARTICLE 

SIZE  0.074  -  0.148 

nun 

TRANSECT 

A 

2.70 

0.24 

2.02 

0.23 

1  .31 

0.11 

B 

18.88 

1.80 

4.51 

0.29 

1.94 

0.19 

C 

31  .57 

2.40 

2.94 

0.12 

3.13 

0.12 

D 

3.17 

0.20 

1.64 

0.16 

1.93 

0.21 

E 

COVE  MEAN 

24.75 

0.74  ; 

25 . 39 

0.83 

4.44 

1 .32 

30.25 

1.67 

SEDIMENT  PARTICLE 

SIZE  0.044  -  0.073 

mm 

TRANSECT 

A 

2.23 

0.17 

0.92 

0.22 

0.13 

0.01 

B 

4.53 

0.44 

1.02 

0.08 

0.33 

0.04 

C 

8.27 

0.83 

0.78 

0.30 

0.48 

0.04 

D 

0.38 

0.05 

0.12 

0.02 

0.21 

0.05 

E 

COVE  MEAN 

8.13 

0.55 

3.73 

0.68 

0.83 

0.64 

7.56 

0.53 

SEDIMENT  PARTICLE 
TRANSECT 

SIZE  <0. 

044  mm 

A 

4.73 

0.40 

2.30 

0.45 

0.11 

0.01 

B 

7.69 

0.86 

1.34 

0.18 

0.27 

0.04 

C 

9.14 

1.21 

0.60 

0.05 

0.56 

0.04 

D 

0.75 

0.09 

0.20 

0.02 

0.25 

0.05 

E 

COVE  MEAN 

11.95 

0.59 

5.01 

1.02 

0.82 

0.50 

6.06 

0.47 

TOTAL 

100.0 

PERCENT 

NEXT  3  BLOCKS  ARE 

A  FURTHER 

BREAKDOWN  OF  THE  PERCENTS  OF 

THE  LAST  PRECEDING 

SEDIMENT  PARTICLE 

SIZE  25  - 

44  microns 

TRANSECT 

A 

2.17 

0.26 

1.15 

0.20 

0.00 

0.00 

B 

3.32 

0.44 

0.55 

0.14 

0.00 

0.00 

C 

4.72 

0.66 

0.00 

0.00 

0.01 

0.01 

D 

0.12 

0.06 

0.00 

0.00 

0.02 

0.01 

E 

COVE  MEAN 

4.83 

0.59 

2.15 

0.41 

0.10 

0.09 

2.85 

0.24 

SEDIMENT  PARTICLE 

SIZE  10  - 

25  microns 

TRANSECT 

A 

1.54 

0.13 

0.78 

0.17 

0.00 

0.00 

B 

2.50 

0.31 

0.32 

0.07 

O.Of 

0.00 

C 

2.74 

0.36 

0.00 

0.00 

0.02 

0.01 

D 

0.09 

0.03 

0.00 

0.00 

0.02 

0.01 

E 

COVE  MEAN 

4.06 

0.24 

1.39 

0.26 

0.16 

0.16 

1.72 

0.15 
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Table  B20.  Concluded 


SEDIMENT  PARTICLE 
TRANSECT 
A 
B 
C 
D 
E 

COVE  MEAN 

VOLATILE  SOLIDS 
TRANSECT 
A 
B 
C 
D 
E 

COVE  MEAN 


ELEVATION  1 

ELEVATION  2 

ELEVATION  3 

COVE 

MEAN  S.E. 

MEAN 

S.E. 

MEAN 

S.E. 

MEAN  S.E. 

5-10  microns 

1.00  0.15 

0.36 

0.08 

0.00 

0.00 

1.93  0.42 

0.17 

0.03 

0.01 

0.00 

1.67  0.28 

0.02 

0.01 

0.05 

0.03 

0.08  0.03 

0.01 

0.01 

0.07 

0.04 

3.05  0.57 

1 .46 

0.57 

0.27 

0.26 

1.24  0.17 

1.37 

0.11 

1.04 

0.08 

0.85 

0.03 

3.31 

0.52 

1.22 

0.08 

0.90 

0.04 

2.13 

0.17 

0.85 

0.04 

1.12 

0.12 

0.89 

0.05 

0.81 

0.04 

0.92 

0.02 

2.57 

0.12 

2.07 

0.20 

1.50 

0.19 

2.27  0.07 
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TABLE  B21 

Species  List  of  Items  Consumed  at  Miller  Sands 
July  1976  Through  July  1977 


Nematodes 

Oligochaetes 

Cladocerans 

Daphnia  longispina 
Bosmina  longisr-ostris 
Euryaerous  SP • 

Digested  cladocerans 

Copepods 

Eurytemora  hirundoides 
Diaptomus  sp. 

Digested  copepods 

Mysids 

Neomysis  mercedis 
Digested  mysids 

Amph ipods 

Corophium  salmonis 
Anisogcomarus  conf ervicolus 

Pelecypods 

Corbicula  fluminea 

Gastropods 

Pleurocera  sp. 

Unid.  gastropods 

Ostracods 

Unid.  ostracods 

Insects 

Chironomid  larvae 
Chironomid  pupae 
Diptera 

Digested  diptera 
Coleoptera 

Odonata  nymph  (dragonfly) 
Odonata  (damselfly) 


Hemiptera 

Hemiptera — Corixidae 
Hymenoptera 

Hymenoptera — Formicidae 

Ephemeroptera 

Unid.  insects 

Teleosts 

Thaleichthys  paaifiaus  larvae 
Platichthys  stellatus  juvenile 
Oncorhynohus  tshawytseha  juv. 
Gasterosteus  aculeatus  eggs. 
Unid.  fish  eggs 
Unid.  fish  scales 
Unid.  fish  bones 
Unid.  fish 

Other 

Arachnids 

Gnorimosphaeroma  oregonensis 

Gravel  and  sand 

Sticks 

Syntbethic  fiber 
Vegetation  seeds 
Unid.  vegetation 
Digested  material 
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Table  B22 

FOOD  CONSUMED  BY  NEKTON  ’.AT  MIClER  SANDS  IN  ORDER  OF 
DECREASING  TOTAL  NUMBER  JULY  1976  THRU  JULY  1977. 


Food  Item 


Daohni a  longi spina  — 

Eurvteaora  h i rundoi des 
Coroohi um  s almoni s 
Chironomid  pupae 
Chirononid  larvae 
iieonvs  i s  mercedis 
Diptera 
Pi  apt  omus  sp . 

Uni d .  insects 

Thaleichthys  sacificus  larvae 
Oligochaetes 

Ani sogamnarus  confervicolus 
Os  tracods 

Gasterosteus  aculeatus  eggs 
Eury cercus  sp. 

Hynenopter a 

Vegetation  seeds 

Coleoptera 

Heniptera 

Sticks 

Uni d .  fish 

Ar achni d 

Ephemeroptera 

Hemiptera — Corixiaae 

Odonata  nymph 

Nematode 

Corb i cula  f luminea 
Pleurocera  sp . 

Unid.  gastropods 

Plati chthys  s  tellat  us  Juveniles 

Unid.  fish  scales 

Bosaina  longi ros  t r i s 

Odonata 

Tipulidae 

Unid.  fish  bones 

Gnorimosohaeroma  oregonensis 


Total  Number 

22,218 

18,555 

1*,185 

3,902 

3,282 

67I* 

501 
U66 
106 
9  8\ 

83\ 

U6  \ 

37  \ 

3>4  \ 

30  \ 

26 
26 
11 
8 
8 
7 
6 
6 
5 

4 

h 

3  / 

2  / 
2  / 
2 
2 
1 

1  / 

;/ 


Percent 


Combined 
Total 
1  Percent 


TOTAL 


5 »* ,  31*2 


100  % 


1/  Fever  than  3%  cladocerans  other  than  D.  longi snina 
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TABLE  B23^  cont  inuea  ) 

MEAN  ANNUAL  PERCENT  HUMB^i'  OF  FOOD  IN  N EKTr'N  STOMACHS  OF  IMPORTANT 
SPECIES  j  IH  THE  BENTHIC  f  ROWMENT. 
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Appendix  Table  B1 


Zooplankton  Per  Cubic  Metre  Collected  at 
Miller  Sands  and  Snag  Island 

March  1975 


Cove 

River 

Snag  Island 

5 

11 

12 

SI 

Temperature  (°C) 

6.  3 

6.7 

6.0 

6.7 

Cubic  Metre 

31.9 

42.9 

20.8 

6.9 

Cladocera 


Bosmina 

.  3 

.1 

.4 

.6 

Daphnia 

.3 

.1 

.3 

.3 

Chydorus 

- 

- 

.3 

- 

Ceriodaphnia 

- 

- 

.2 

- 

Monosphilus 

.1 

- 

.1 

- 

Leydigia 

- 

- 

.1 

- 

Simocephalus 

- 

.1 

- 

- 

Alona 

- 

.1 

- 

- 

Copepoda 

Cyclops 

2.5 

.8 

3.2 

3.9 

Eurytemora 

1.4 

.4 

.9 

.9 

Bryocamptus 

.2 

- 

.1 

.1 

Others 

Plecoptera 

.2 

_ 

.1 

_ 

Diptera 

.2 

- 

- 

- 

Odonta 

.1 

- 

- 

- 

Smelt  Larva 

.7 

.4 

.  7 

1.3 

Total/m3 

6.0 

2.0 

6.4 

7.1 

Temperature  (°C) 

13.0 

May  1975 

12.6 

12.2 

12.0 

Cubic  Metre 

14.2 

48.9 

55.8 

23.2 

Cladocera 


Bosmina 

31.4 

2.1 

25.9 

00 

Daphnia 

2.7 

.9 

13.0 

9.8 

Alona 

8.1 

2.3 

1.4 

1.9 

Chydorus 

.2 

.5 

.  2 

.2 

Ceriodaphnia 

1.1 

- 

.6 

- 

Macrothrix 

.1 

- 

- 

- 

Copepoda 

Copepodites 

3.9 

9.1 

13.2 

12.6 

Cyclops 

2.5 

4.7 

11.1 

12.2 

Diaptomus 

2.4 

2.4 

5.1 

3.2 

Bryocamptus 

- 

.3 

.  3 

.3 
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May  1975  (Cont.) 


Cove 

River 

Snag  Island 

5 

11 

12 

SI 

Others 

Ostracoda 

.1 

- 

- 

- 

Diptera 

- 

.1 

- 

- 

Smelt  Larva 

1.1 

.9 

1.1 

2.4 

Total/m^ 

53.6 

23.3 

71.9 

60.4 

July  1975 

Temperature  (°C) 

17.1 

14.8 

15.0 

15.0 

Cubic  Metre 

58.9 

73.5 

60.8 

27.6 

Cladocera 


Bosmina 

143.8 

44.2 

96.1 

64.6 

Daphnia 

19.2 

17.4 

15.4 

23.3 

Alona 

1.6 

.7 

.  4 

.7 

Ceriodaphnia 

.6 

.4 

.2 

.3 

Sida 

.4 

.1 

.1 

.1 

Leptodora 

- 

- 

.2 

.4 

Eurycercus 

- 

.2 

- 

- 

Chydorus 

.3 

- 

- 

- 

Copepoda 

Cyclops 

10.7 

4.6 

16.8 

5.5 

Diaptomus 

1.9 

2.2 

2.6 

2.4 

Copepodites 

- 

2.3 

6.6 

2.5 

Bryocamptus 

.7 

.4 

.  5 

.1 

Others 

Ostracoda 

- 

- 

.1 

- 

Total/m^ 

179.2 

72.5 

139.0 

99.9 

Temperature  (°C) 

19.6 

August  1975 

20.0 

19.8 

19.5 

Cubic  Metre 

26.8 

27.5 

71.5 

30.4 

Cladocera 


Bosmina 

4.3 

9.  5 

6.1 

8.9 

Daphnia 

426.1 

852.5 

180.6 

484.2 

Sida 

1.9 

3.1 

5.8 

4.2 

Leptodora 

.9 

1.4 

1.8 

1.0 

Alona 

3.1 

1.2 

.9 

- 

Ceriodaphnia 

5.6 

9.2 

1.9 

3.1 

Simocephalus 

.6 

- 

- 

.5 

Chydorus 

- 

.  5 

- 

- 
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August  1975  (Cont.) 


Cove 

5  11 


River  Snag  Island 

12  SI 


Copepoda 


Cyclops 

22.4 

45.6 

64.8 

40.  3 

Eurytemora 

18.9 

25.3 

35.6 

24.8 

Bryocamptus 

Others 

.9 

.3 

.9 

.3 

Eubranchipus 

- 

1.3 

.2 

Total/m3 

484.7 

948.6 

299.7 

576.5 

September  1975 


Temperature  (°C) 

18.0 

19.2 

18.4 

18.9 

Cubic  Metre 

59.3 

41.3 

52.3 

21.7 

Cladocera 

Bosmina 

6.1 

10.0 

11.8 

8.9 

Dahpnia 

1464.1 

1933.2 

1079.7 

687.2 

Ceriodaphnia 

- 

- 

2.8 

- 

Sida 

2.0 

- 

6.7 

2.9 

Chydorus 

- 

- 

.4 

- 

Alona 

1.4 

- 

.4 

- 

Copepoda 

Cyclops 

139.3 

131.1 

210.0 

104.7 

Eurytemora 

56.6 

41.2 

54.4 

26.5 

Bryocamptus 

- 

- 

2.7 

- 

Total/m3 

1669.5 

2115.5 

1368.5 

830.2 

November  1975 


Tempe  rature  ( °  C ) 

8.5 

6.6 

8.2 

7.6 

Cubic  Metre 

94.3 

72.4 

50.3 

37.3 

Cladocera 

Bosmina 

15.5 

8.8 

5.6 

10.7 

Daphnia 

1.1 

1.1 

2.4 

•  1.1 

Alona 

- 

.1 

.5 

.2 

Sida 

- 

- 

- 

.2 

Copdpoda 

Cyclops 

4.1 

6.4 

1.6 

3.5 

Eurytemora 

1.0 

.8 

.3 

.8 

Others 

Odonta 

- 

- 

.2 

- 

Total/m3 

21.7 

17.2 

10.6 

16.  5 
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January  1976 


5 

Cove 

11 

River 

12 

Snag  Island 
SI 

Temperature  (°C) 

5.1 

5.1 

5.2 

5.8 

Cubic  Metre 

54.8 

59.1 

55.5 

82.5 

Cladocera 

Bosmina 

1.2 

.9 

1.4 

.  5 

Daphnia 

1.9 

.8 

1.3 

.  2 

Ceriodaphnia 

.  5 

.1 

.  3 

.1 

Alona 

.  1 

.1 

.1 

- 

Chydorus 

- 

T 

.1 

T 

Copepoda 

Copepodid 

.  3 

.  3 

.4 

.1 

Cyclops 

2.9 

4.7 

5.5 

1.0 

Eurytemora 

1.3 

1.8 

.5 

1.7 

Dioptemus 

.2 

.  3 

.1 

.4 

Others 

Gammarus 

- 

- 

- 

T 

Plecoptera 

- 

- 

- 

T 

Smelt  Larva 

.  1 

.1 

- 

T 

Total/m3 

8.5 

9.1 

9.7 

4.0 

Temperature  (°C) 

6.7 

March  1976 

7.0 

6.8 

7.2 

Cubic  Metre 

63.6 

67.1 

63.4 

66.7 

Cladocera 

Bos  \ia 

.  7 

1.0 

3.5 

2.7 

Daphnia 

.1 

.1 

.1 

.2 

Ceriodaphnia 

.1 

.1 

- 

.1 

Chydorus 

.1 

.1 

.1 

.2 

Alona 

- 

T 

T 

T 

Sida 

- 

- 

T 

- 

Copepoda 

Copepodid 

.1 

.1 

.1 

.1 

Cyclops 

2.3 

1.5 

.  14 

3.1 

Eurytemora 

.9 

.3 

.  5 

1.2 

Dioptemus 

.1 

.1 

T 

.1 

Others 

Smelt  Larva 

.1 

T 

.1 

.1 

Total/m3 

4.5 

3.3 

5.8 

7.8 
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May  1976 

Cove  River  Snag  Island 


5 

11 

12 

SI 

Temperature  (°C) 

12.6 

13.0 

13.2 

13.2 

Cubic  Metre 

62.6 

59.4 

59.5 

60.6 

Cladocera 


Bosmina 

16.4 

10.9 

5.7 

8.4 

Daphnia 

4.7 

1.9 

2.1 

3.9 

Chydorus 

.5 

.7 

.4 

.6 

Alona 

.2 

.2 

.1 

.1 

Ceriodaphnia 

.9 

.5 

.1 

.3 

Leptodora 

T 

- 

- 

- 

Copepoda 

Copepodid 

.1 

.1 

.1 

- 

Cyclops 

14.9 

2.1 

4.2 

4.9 

Eurytemora 

1.1 

.2 

.9 

1.4 

Diaptomus 

.4 

T 

.  3 

.7 

Others 

Smelt  Larva 

T 

T 

.3 

Total/m^ 

39.2 

16.6 

13.9 

20.6 
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Appendix  B2 

Water  Quality  at  Miller  Sands  and  Snag  Island  March  1975  -  May  1977 
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Mar  May  July  Aug  Sept  Nov  Jan  Mar  May 
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Nitrogen  Saturation  (%) 
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APPENDIX  B3 :  WATER  QUALITY  AT  PULLER  SANDS, 
JULY  1976  -  JULY  1977 


Appendix  Table  B3 


Table  31.  Water  Quality  at  Miller  Sands  (Appendix) 

Date 


July 

Sept 

Nov 

March 

May 

July 

76 

76 

76 

77 

77 

77 

Station  1 

Temperature  (°C) 

Day  Flood 

21.5 

18.0 

11.4 

8.5 

12.7 

17.1 

Day  Ebb 

11.3 

8.6 

12.9 

17.1 

Night  Flood 

21.9 

17.9 

11.8 

7.9 

12.6 

18.3 

Night  Ebb 

11.6 

6.7 

12.5 

18.1 

pH 

Day  Flood 

7.8 

7.9 

7.3 

7.9 

8.5 

7.2 

Day  Ebb 

7.1 

8.0 

8.5 

7.4 

Night  Flood 

6.9 

7.7 

7.5 

7.4 

8.9 

8.0 

Night  Ebb 

7.5 

7.8 

8.6 

7.4 

Salinity  (D/00) 


Day  Flood 

.09 

.10 

.08 

.10 

.10 

.42 

Day  Ebb 

.14 

.11 

.10 

.42 

Night  Flood 

.05 

.10 

.08 

.12 

.14 

.18 

Night  Ebb 

.04 

.11 

.11 

.48 

Dissolved  Oxygen 

(mgl) 

Day  Flood 

9.8 

8.9 

10.3 

13.1 

11.8 

8.  0 

Day  Ebb 

10.6 

13.0 

11.5 

8.0 

Night  Flood 

9.6 

9.0 

10.2 

12.  3 

10.6 

8.6 

Night  Ebb 

10.1 

13.  2 

10.  3 

8.1 

Turbidity  (FTU) 

Day  Flood 

7.2 

6.5 

2.5 

4.6 

5.2 

4.3 

Day  Ebb 

3.0 

5.2 

6.0 

4.6 

Night  Flood 

9.3 

10.0 

2.1 

4.6 

6.3 

5.8 

Night  Ebb 

2.0 

4.0 

6.2 

6.4 

Ammonia  (mg  N/l) 

Day  Flood 

<.oS 

.14 

<.09 

<•09 

<.09 

.10 

Day  Ebb 

<.09 

<•09 

<.09 

<.09 

Night  Flood 

<.09 

<.09 

.10 

.io‘ 

.  15 

Night  Ebb 

<.09 

<•09 

.10 

.  14 

Total  Alkalinity 

(mg/1, 

CaCo3> 

Day  Flood 

49.0 

54.0 

55.0 

60.0 

67. 0 

51.0 

Day  Ebb 

54.0 

60.0 

66.0 

51.0 

Night  Flood 

50.0 

53.0 

54.0 

61.0 

64.0 

51.0 

Night  Ebb 

55.0 

60.0 

65.0 

51.0 
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July 

76 

Sept 

76 

Nov 

76 

March 

77 

May 

77 

July 

77 

Station  1  (cont. ) 

Nitrogen  Saturation  (%) 

Day  Flood 

Day  Ebb 

Night  Flood 

Night  Ebb 

99.3 

97.8 

100.5 

100.1 

Station  2 

Temperature  (°C) 


Day  Flood 

20.9 

18.1 

11.7 

8.5 

12.9 

18.0 

Day  Ebb 

11.6 

8.8 

13.0 

18.2 

Night  Flood 

11.9 

8.4 

12.6 

18.3 

Night  Ebb 

21.7 

17.7 

11.9 

7.3 

12.7 

18.0 

pH 

Day  Flood 

8.0 

7.8 

7.6 

7.7 

8.5 

7.6 

Day  Ebb 

8.5 

8.0 

8.5 

7.7 

Night  Flood 

7.5 

7.4 

8.8 

8.1 

Night  Ebb 

8.1 

7.8 

7.5 

7.6 

8.4 

7.9 

Salinity  (0/00) 

Day  Flood 

.09 

.08 

.16 

.08 

.10 

.22 

Day  Ebb 

.16 

.  12 

.10 

.18 

Night  Flood 

.16 

.10 

.18 

.20 

Night  Ebb 

.10 

.18 

.04 

.12 

.12 

.16 

Dissolved  Oxygen 

(mgl) 

Day  Flood 

10.1 

9.3 

10.1 

13.2 

11.5 

8.6 

Day  Ebb 

10.2 

13.2 

11.7 

9.0 

Night  Flood 

10.0 

12.1 

10.8 

8.8 

Night  Ebb 

9.8 

8.9 

9.8 

13.  3 

10.9 

8.3 

Turbidity  (FTU) 

Day  Flood 

4.8 

5.0 

3.0 

4.6 

8.0 

4.1 

Day  Ebb 

3.2 

4.6 

6.0 

4.5 

Night  Flood 

3.1 

5.8 

5.8 

5.2 

Night  Ebb 

7.0 

10.5 

2.6 

4.  3 

4.8 

6.2 

Ammonia  (mg  N/l) 

Day  Flood 

<.09 

<■09 

<.09 

<.09 

.  11 

.14 

Day  Ebb 

<•09 

<.09 

.10 

.11 

Night  Flood 

<.09 

<.09 

.15 

.  14 

Night  Ebb 

<.09 

<■09 

<.09 

<.09 

.13 

.12 

( 
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July 

Sept 

Nov 

March 

May 

July 

76 

76 

76 

77 

77 

77 

Station  2  (cont. ) 

Total  Alkalinity  (mg/1, 

CaCo3) 

Day  Flood 

49.0 

54.0 

55.0 

60.0 

66.0 

53.0 

Day  Ebb 

54.0 

61.0 

68.0 

52.0 

Night  Flood 

56.0 

60.0 

66.0 

51.0 

Night  Ebb 

50.0 

54.0 

54.0 

60.0 

65.0 

52.0 

Nitrogen  Saturation  (%) 

Day  Flood 

99.4 

Day  Ebb 

98.2 

100.9 

Night  Flood 

Night  Ebb  104.9 

100.5 

Station  3 

Temperature  (°C) 

Day  Flood 

21.7 

18.2 

11.7 

6.8 

12.7 

18.0 

Day  Ebb 

11.6 

7.2 

12.8 

18.6 

Night  Flood 

11.7 

7.5 

12.7 

18.4 

Night  Ebb 

19.2 

17.9 

11.7 

6.8 

12.6 

18.0 

PH 

Day  Flood 

7.8 

7.7 

7.5 

8.2 

8.  3 

7.9 

Day  Ebb 

7.6 

7.8 

8.6 

8.0 

Night  Flood  . 

7.4 

7.0 

8.0 

8.5 

Night  Ebb 

7.6 

7.6 

7.5 

7.3 

8.5 

7.9 

Salinity  (0/00) 

Day  Flood 

.10 

.08 

.12 

.  10 

.  10 

.12 

Day  Ebb 

.14 

.08 

.12 

.10 

Night  Flood 

.08 

.  11 

.10 

.22 

Night  Ebb 

.10 

.04 

.10 

.12 

.10 

.22 

Dissolved  Oxygen  (mgl) 

Day  Flood 

9.5 

8.9 

13.0 

11.5 

8.6 

Day  Ebb 

10.1 

13.2 

12.0 

8.8 

Night  Flood 

10.1 

12.2 

10.  3 

8.5 

Night  Ebb 

9.2 

8.8 

9.8 

13.4 

10.7 

8.3 

Turbidity  (FTU) 

Day  Flood 

7.7 

3.5 

3.8 

5.2 

4.4 

Day  Ebb 

3.9 

4.0 

3.8 

4.6 

Night  Flood 

2.0 

6.2 

5.8 

5.0 

Night  Ebb 

8.0 

8.0 

3.4 

4.0 

4.8 

7.0 

July 

Sept 

Nov 

March 

May 

July 

76 

76 

76 

77 

77 

77 

Station  3  (cont.) 

Ammonia  (mg  N/l) 

Day  Flood 

<.09 

<.09 

<.09 

<.09 

.10 

<.09 

Day  Ebb 

<-09 

<■09 

<•09 

<.09 

Night  Flood 

<.09 

<.09 

<.09 

.13 

Night  Ebb 

<.09 

<.09 

<.09 

<•09 

.13 

.10 

Total  Alkalinity  (mg/1, 

CaCo3) 

Day  Flood 

48.0 

54.0 

55.0 

60.0 

67.0 

52.0 

Day  Ebb 

54.0 

61.0 

69.0 

52.0 

Night  Flood 

55.0 

60.0 

64.0 

51.0 

Night  Ebb 

49.0 

54.0 

55.0 

60.0 

69.0 

51.0 

Nitrogen  Saturation  (%) 

Day  Flood 

99.8 

Day  Ebb 

98.5 

101.5 

Night  Flood 

Night  Ebb  102.5 

99.3 

Station  6 

Temperature  (°C) 

Day  Flood 

18.0 

11.4 

6.8 

12.6 

18.1 

Day  Ebb 

22.0 

11.2 

7.0 

12.9 

18.4 

Night  Flood 

11.7 

7.4 

12.8 

18.2 

Night  Ebb 

19.1 

17.7 

11.8 

7.4 

12. .6 

18.0 

PH 

Day  Flood 

7.9 

7.  3 

8.0 

8.6 

7.9 

Day  Ebb 

8.0 

7.2 

8.0 

8.4 

7.9 

Night  Flood 

7.9 

7.2 

8.8 

8.2 

Night  Ebb 

7.4 

7.0 

7.3 

7.4 

8.5 

8.0 

Salinity  (0/00) 

Day  Flood 

.08 

.12 

.04 

.13 

.12 

Day  Ebb 

.09 

.12 

.09 

.09 

.12 

Night  Flood 

.12 

.11 

.10 

.20 

Night  Ebb 

.12 

.06 

.12 

.12 

.08 

.21 

Dissolved  Oxygen  (mgl) 

Day  Flood 

9.0 

10.2 

12.5 

11.8 

8.8 

Day  Ebb 

9.9 

10.4 

13.3 

11.9 

9.0 

Night  Flood 

9.8 

12.3 

12.5 

8.7 

Night  Ebb 

9.3 

8.8 

10.1 

13.4 

11.9 

8.0 

f 
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July 

Sept 

Nov 

March 

May 

July 

76 

76 

76 

77 

77 

77 

Station  6  (cont.) 

Turbidity  (FTU) 

Day  Flood 

5.5 

3.0 

4.8 

5.5 

3.4 

Day  Ebb 

6.8 

3.0 

4.8 

4.2 

4.5 

Night  Flood 

1.8 

3.8 

3.8 

3.0 

Night  Ebb 

6.0 

8.5 

3.0 

4.2 

3.8 

6.0 

Ammonia  (mg  N/l) 

Day  Flood 

<.09 

<-09 

<.09 

<.09 

<.09 

Day  Ebb 

<.09 

<.09 

<-09 

<.09 

<.09 

Night  Flood 

<.09 

<.09 

.13 

.17 

Night  Ebb 

<.09 

<.09 

<.09 

.10 

<.09 

Total  Alkalinity 

(mg/1,  CaCo3) 

Day  Flood 

55.0 

55.0 

60.0 

67.0 

52.0 

Day  Ebb 

48.0 

55.0 

60.0 

68.0 

51.0 

Night  Flood 
Night  Ebb 

49.0 

54.0 

54.0 

61.0 

68.0 

51.0 

Nitrogen  Saturation  (%) 

Day  Flood 

Day  Ebb 

Night  Flood 
Night  Ebb 

104.3 

99.3 

98.5 

101.1 

100.4 

99.6 

Station  9 

Temperature  (°C) 

Day  Flood 

Day  Ebb 

21.7 

18.0 

Night  Flood 
Night  Ebb 

19.1 

17.6 

PH 

Day  Flood 

Day  Ebb 

Night  Flood 

8.0 

7.7 

Night  Ebb 

7.5 

6.  7 

July 

77 


Station  9  (cont.) 
Salinity  (0/00) 

July 

76 

Day  Flood 

Day  Ebb 

Night  Flood 

.10 

Night  Ebb 

.12 

Dissolved  Oxygen 

(mgl) 

Day  Flood 

Day  Ebb 

Night  Flood 

10.2 

Night  Ebb 

8.8 

Turbidity  (FTU) 

Day  Flood 

Day  Ebb 

Night  Flood 

6.5 

Night  Ebb 

7.0 

Ammonia  (mg  N/l) 

Day  Flood 

Day  Ebb 

Night  Flood 
Night  Ebb 

(T> 

O 

V 

Total  Alkalinity  (mg/1 ,CaCo3) 
Day  Flood  49.0 

Day  Ebb 
Night  Flood 

Night  Ebb  48.0 

Nitrogen  Saturation  (%) 

Day  Flood 
Day  Ebb 
Night  Flood 
Night  Ebb 

Station  10 

Temperature  (°C) 

Day  Flood  20.3 

Day  Ebb 
Night  Flood 

Night  Ebb  19.0 


Sept  Nov  March  May 

76  76  77  77 

.08 

8.9 

8.9 

6.5 

6.5 

<.09 

<.09 

55.0 

57.0 

99.5 


18.2 

11.6 

7.1 

13.0 

8.  3 

11.6 

7.6 

12.9 

18.5 

11.7 

7.3 

12.5 

18.3 

18.0 

11.7 

7.2 

12.6 

17.9 
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July 

Sept 

Nov 

March 

May 

Sept 

76 

76 

76 

77 

77 

77 

Station  10  (cont.) 

PH 

Day  Flood 

8.1 

7.7 

7.8 

8.0 

8.7 

7.8 

Day  Ebb 

7.7 

7.9 

8.5 

7.6 

Night  Flood 

8. 1 

7.5 

8.7 

8.0 

Night  Ebb 

7.5 

7.2 

7.9 

7.4 

8.5 

7.9 

Salinity  (0/00) 

Day  Flood 

.10 

.08 

.11 

.10 

.09 

.19 

Day  Ebb 

.12 

.12 

.17 

.11 

Night  Flood 

.11 

.10 

.12 

.22 

Night  Ebb 

.12 

.06 

.10 

.09 

.09 

.24 

Dissolved  Oxygen 

(mgl) 

Day  Flood 

10.0 

9.2 

10.0 

12.8 

11.7 

8.6 

Day  Ebb 

10.  2 

12.8 

12.0 

9.1 

Night  Flood 

9.8 

12.4 

12.9 

8.3 

Night  Ebb 

9.0 

9.2 

9.9 

13.1 

10.5 

8.2 

Turbidity  (FTU) 

Day  Flood 

4.3 

3.5 

2.4 

4.4 

5.2 

4.3 

Day  Ebb 

2.6 

4.4 

4.8 

4.6 

Night  Flood 

1.9 

4.2 

6.0 

7.4 

Night  Ebb 

8.0 

4.5 

2.0 

4.8 

5.4 

4.0 

Ammonia  (mg  N/l) 

Day  Flood 

<.09 

<.  09 

<•09 

<.09 

.10 

.10 

Day  Ebb 

<.09 

<.09 

<.09 

<.09 

Night  Flood 

<.09 

<.09 

.12 

.15 

Night  Ebb 

<•09 

<.09 

<.09 

<.09 

.13 

.11 

Total  Alkalinity 

(mg/1 

,  CaC03) 

Day  Flood 

49.0 

54.0 

55.  0 

60.0 

68.0 

52.0 

Day  Ebb 

55.0 

60.0 

68.0 

52.0 

Night  Flood 

55.0 

61.0 

65.0 

51.0 

Night  Ebb 

50.0 

54.0 

55.0 

61.0 

67.0 

51.0 

Nitrogen  Saturation  (%) 

Day  Flood 
Day  Ebb 
Night  Flood 

Night  Ebb  101.6  101.0 


98.  5 


100.3 

100.4 


100.5 
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July 

Sept 

Nov 

March 

May 

July 

76 

76 

76 

77 

77 

77 

Station  11 

Temperature  (°C) 

Day  Flood 

20.5 

18.2 

11.5 

6.9 

12.9 

18.3 

Day  Ebb 

11.6 

7.5 

12.9 

18.7 

Night  Flood 

11.5 

7.4 

12.8 

18.2 

Night  Ebb 

20.9 

17.2 

11.5 

7.3 

12.6 

18.0 

pH 

Day  Flood 

8.1 

7.9 

7.8 

7.9 

8.5 

8.0 

Day  Ebb 

7.7 

7.8 

8.6 

8.0 

Night  Flood 

8.1 

7.2 

8.  5 

8.7 

Night  Ebb 

9.0 

7.4 

7.9 

7.4 

8.5 

8.0 

Salinity  (6/00) 

Day  Flood 

.10 

.08 

.11 

.  10 

.12 

.18 

Day  Ebb 

.12 

.12 

.08 

.12 

Night  Flood 

.08 

.11 

.10 

.84 

Night  Ebb 

.10 

.06 

.09 

.12 

.17 

.24 

Dissolved  Oxygen 

(mgl) 

Day  Flood 

9.9 

9.2 

10.1 

12.6 

11.6 

8.6 

Day  Ebb 

10.2 

13.2 

11.9 

8.9 

Night  Flood 

9.9 

11.7 

10.8 

8.2 

Night  Ebb 

9.9 

8.4 

10.0 

13.1 

10.8 

8.4 

Turbidity  (FTU) 

Day  Flood 

4.2 

3.0 

2.1 

4.6 

4.0 

3.8 

Day  Ebb 

2.0 

5.0 

4.8 

3.0 

Night  Flood 

1.5 

3.4 

4.5 

3.8 

Night  Ebb 

5.5 

6.0 

1.7 

4.0 

5.0 

4.2 

Ammonia  (mg  N/l) 

Day  Flood 

<.09 

<.09 

<.09 

.  11 

<.09 

<.09 

Day  Ebb 

<.09 

<.09 

<.09 

<•09 

Night  Flood 

<.09 

<.09 

.15 

.  15 

Night  Ebb 

<.09 

<.09 

<•09 

<.  09 

.  13 

.10 

Total  Alkalinity 

(mg/1 

,  CaCo3> 

Day  Flood 

48.0 

53.0 

54.0 

58.0 

67.0 

51.0 

Day  Ebb 

53.0 

60.0 

68.0 

51.0 

Night  Flood 

54.0 

60.0 

70.0 

52.0 

Night  Ebb 

47.0 

56.0 

54.0 

60.0 

67.0 

51.0 

I 
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) 

I 


1 

July 

Sept 

Nov 

March 

May 

July 

k 

76 

76 

76 

77 

77 

77 

Station  11  (cont.) 

Nitrogen  Saturation  (%) 

Day  Flood 

99.2 

Day  Ebb 

98.0 

100.0 

Night  Flood 

;  Night  Ebb 

105.0 

99.5 

100.7 

Station  12 

Temperature  (°C) 

19.7 

18.2 

11.4 

6.9 

12.9 

18.4 

Day  Flood 

11.3 

12.7 

18.6 

Day  Ebb 

11.5 

6.8 

12.8 

18.7 

Night  Flood 

18.8 

18.2 

11.5 

6.8 

12.2 

18.3 

Night  Ebb 

pH 

Day  Flood 

7.8 

8.1 

7.8 

7.4 

8.5 

7.8 

j  Day  Ebb 

7.9 

8.6 

8.0 

Night  Flood 

7.7 

7.9 

8.9 

7.8 

Night  Ebb 

7.7 

8. 1 

7.7 

7.5 

8.7 

7.6 

Salinity  (0/00) 

Day  Flood 

.  10 

.10 

.11 

.  10 

.12 

.92 

Day  Ebb 

.  12 

.10 

1.22 

Night  Flood 

.14 

.10 

.12 

.28 

Night  Ebb 

.12 

.05 

.14 

.  12 

.  11 

.58 

Dissolved  Oxygen 

(mgl) 

Day  Flood 

10.0 

9.2 

10.5 

12.8 

11.6 

6.5 

Day  Ebb 

10.6 

12.0 

8.6 

Night  Flood 

10.4 

12.3 

10.5 

8.5 

Night  Ebb 

9.5 

9.4 

10.5 

13.3 

10.6 

8.4 

Turbidity  (FTU) 

Day  Flood 

6.0 

4.7 

3.0 

4.3 

3.0 

2.  7 

Day  Ebb 

4.2 

6.0 

1.8 

Night  Flood 

1.8 

4.2 

3.5 

2.6 

Night  Ebb 

8.0 

5.5 

2.0 

4.  2 

3.5 

3.4 

Ammonia  (mg  N/l) 

Day  Flood 

<.09 

.11 

<.09 

<.09 

<.09 

<.09 

Day  Ebb 

<.09 

<.09 

<.09 

Night  Flood 

<.09 

.10 

<.09 

<.09 

Night  Ebb 

<.09 

.12 

<.09 

<.09 

.11 

<.09 

; 
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July 

Sept 

Nov 

March 

May 

July 

76 

76 

76 

77 

77 

77 

ition  12 . (cont. ) 

Total  Alkalinity 

(mg/1,  0aCO3) 

Day  Flood 

50.5 

50.0 

55.0 

62.0 

68.0 

51.0 

Day  Ebb 

55.0 

68.0 

51.0 

Night  Flood 

55.0 

61.0 

66.0 

51.0 

Night  Ebb 

50.0 

54.0 

55.0 

59.0 

66.0 

51.0 

Nitrogen  Saturation  (%) 

Day  Flood 

99.8 

Day  Ebb 

98.0 

101.7 

Night  Flood 

Night  Ebb 

104.5 

102.1 

101.9 

Station  A 

Temperature  (°C) 

Day  Flood  17.0 

Day  Ebb  21.9 

Night  Flood 


Night  Ebb 

22.3 

17.6 

pH 

Day  Flood 

7.9 

Day  Ebb 

Night  Flood 

7.9 

Night  Ebb 

6.  7 

7.6 

Salinity  (0/00) 

Day  Flood 

.07 

Day  Ebb 

Night  Flood 

.  12 

Night  Ebb 

.10 

.08 

Dissolved  Oxygen 

(mgl) 

Day  Flood 

8.6 

Day  Ebb 

Night  Flood 

9.8 

Night  Ebb 

10.0 

8.5 

Turbidity  (FTU) 

Day  Flood 

10.0 

Day  Ebb 

Night  Flood 

7.0 

Night  Ebb 

9.5 

10.5 
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Station  A  (cont.) 
Ammonia  (mg  N/l) 
Day  Flood 
Day  Ebb 
Night  Flood 
Night  Ebb 


July  Sept 

76  76 


Nov  March  May 
76  77  77 


<.09 

<.09 

<.09  <.09 


Total  Alkalinity  (mg/1,  0aCO3) 
Day  Flood 

Day  Ebb  49. 0 

Night  Flood 

Night  Ebb  51.0 


54.0 

54.0 


Nitrogen  Saturation  (%) 

Day  Flood 
Day  Ebb 
Night  Flood 

Night  Ebb  110.3  97.9 


Station  B 

Temperature  (°C) 
Day  Flood 
Day  Ebb 
Night  Flood 
Night  Ebb 


17.0 

22.3 

22.1  17.5 


Day  Flood 
Day  Ebb 
Night  Flood 
Night  Ebb 


7.7 

7.9 

7.8  7.7 


Salinity  (CyOO) 
Day  Flood 
Day  Ebb 
Night  Flood 
Night  Ebb 


.07 

.10 

.10  .10 


Dissolved  Oxygen  (mgl) 

Day  Flood 

Day  Ebb  10.2 

Night  Flood 

Night  Ebb  9.7 


8.9 


8.5 


July 

77 
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Station  B  (cont. ) 

Turbidity  (FTU) 
Day  Flood 
Day  Ebb 
Night  Flood 
Night  Ebb 

Ammonia  (mg  N/l) 
Day  Flood 
Day  Ebb 
Night  Flood 
Night  Ebb 

Total  Alkalinity 
Day  Flood 
Day  Ebb 
Night  Flood 
Night  Ebb 


July  Sept 

76  76 


9.5 

7.5 

10.0  10.0 


<.09 

<.09 

<.09  <.09 

(mg/1,  CaC03) 

54.0 

50.0 

48.0  56.0 


Nov  March  May 
76  77  77 


Nitrogen  Saturation  (%) 

Day  Flood 
Day  Ebb 
Night  Flood 

Night  Ebb  107.8  98.1 


July 

77 


Station  C 

Temperature  (°C) 


Day  Flood 

18.0 

11.9 

9.1 

12.6 

17.8 

Day  Ebb 

22.1 

11.9 

8.5 

12.8 

18.0 

Night  Flood 

11.9 

8.4 

12.6 

18.0 

Night  Ebb  . 

21.9 

17.7 

12.0 

7.  7 

12.4 

18.0 

PH 


Day  Flood 

7.8 

7. .6 

7.8 

8.8 

7.8 

Day  Ebb 

8.0 

7.1 

8.2 

8.  7 

7.8 

Night  Flood 

7.7 

7.3 

8.9 

7.9 

Night  Ebb 

8.4 

7.  3 

7.9 

7.7 

8.2 

7.6 

Salinity  (0/00) 


Day  Flood 

.04 

.13 

.10 

.10 

.25 

Day  Ebb 

.11 

.12 

.13 

.  10 

.21 

Night  Flood 

.02 

.  11 

.14 

.21 

Night  Ebb 

.05 

.02 

.14 

.11 

.11 

.20 

139 


July 

Sept 

Nov 

March 

May 

July 

76 

76 

77 

76 

77 

77 

Station  C  (cont.) 

Dissolved  Oxygen 

(mgl) 

Day  Flood 

8.5 

10.0 

13.2 

11.7 

8.4 

Day  Ebb 

9.8 

10.0 

13.2 

11.6 

8.6 

Night  Flood 

10.0 

12.4 

10.4 

8.2 

Night  Ebb 

9.6 

8.7 

10.0 

13.0 

10.2 

8. 1 

Turbidity  (FTU) 

Day  Flood 

9.0 

3.0 

5.8 

5.8 

4.0 

Day  Ebb 

7.0 

3.4 

4.8 

5.9 

4.2 

Night  Flood 

2.8 

4.8 

4.2 

7.2 

Night  Ebb 

11.0 

9.5 

2.8 

4.3 

4.5 

8.2 

Ammonia  (mg  N/l) 

Day  Flood 

<•09 

<•09 

<.09 

.15 

<.09 

Day  Ebb 

<.09 

<.09 

<.09 

.11 

<.09 

Night  Flood 

<.09 

<•09 

.12 

.16 

Night  Ebb 

<.  09 

<•09 

<.09 

<•09 

.18 

.14 

Total  Alkalinity 

(mg/1 

,  CaCo3) 

Day  Flood 

54.0 

54.0 

60.0 

68.0 

50.0 

Day  Ebb 

49.0 

54.0 

60.0 

68.0 

51.0 

Night  Flood 

55.0 

61.0 

68.0 

53.0 

Night  Ebb 

51.0 

54.0 

55.0 

61.0 

68.0 

52.0 

Nitrogen  Saturation (%) 

Day  Flood 

Day  Ebb  97.7  101.7 

Night  Flood  106.1  98.1  100.8 

Night  Ebb 


Station  D 

Temperature  (°C) 


Day  Flood 

18.0 

Day  Ebb 

22.2 

Night  Flood 

Night  Ebb 

20.9 

17.6 

Day  Flood 

8.7 

Day  Ebb 

7.8 

Night  Flood 

Night  Ebb 

8.  3 

7.8 

99.1 
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July 

Sept 

Nov 

March 

May 

76 

76 

76 

77 

77 

Station  D  (cont.) 

Salinity  (0/00) 

Day  Flood 

Day  Ebb 

.16 

.07 

Night  Flood 

Night  Ebb 

.11 

.07 

Dissolved  Oxygen  (mgl) 

Day  Flood 

Day  Ebb 

8.9 

8.6 

Night  Flood 

Night  Ebb 

9.6 

8.7 

Turbidity  (FTU) 

Day  Flood 

Day  Ebb 

7.0 

8.0 

Night  Flood 

Night  Ebb 

9.0 

9.5 

Ammonia  (mg  N/l) 

Day  Flood 

Day  Ebb 

<.09 

<.09 

Night  Flood 

Night  Ebb 

<-09 

<.09 

Total  Alkalinity  (mg/1 

,  CaCo3) 

Day  Flood 

Day  Ebb 

Night  Flood 

48.0 

55.0 

Night  Ebb 

48.0 

55.0 

Nitrogen  Saturation  (%) 

Day  Flood 

Day  Ebb 

Night  Flood 

Night  Ebb 

103.4 

97.9 

Station  E 

Temperature  (°C) 

Day  Flood 

17.9 

11.9 

8.4 

12.2 

Day  Ebb 

21.7 

11.8 

8.6 

13.0 

Night  Flood 

11.9 

8.0 

12.2 

Night  Ebb 

22.1 

17.8 

12.0 

8.0 

12.0 

July 

77 


16.8 

17. 1 
18.3 

18.2 
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Appendix  B3  (Concluded) 


July 

Sept 

Nov 

March 

May 

July 

76 

76 

76 

77 

77 

77 

Station  E  (cont.) 

PH 

Day  Flood 

7.7 

7.6 

7.9 

8.2 

7.4 

Day  Ebb 

8.0 

7.5 

8.2 

8.  7 

7.5 

Night  Flood 

7.3 

7.5 

8.7 

7.8 

Night  Ebb 

8.0 

7.3 

8.2 

7.7 

8.0 

7.6 

Salinity  (0/00 

Day  Flood 

.06 

.  14 

.11 

.10 

.45 

Day  Ebb 

.05 

.  14 

.  13 

.16 

.  36 

Night  Flood 

.08 

.  11 

.14 

.  20 

Night  Ebb 

.11 

.04 

.13 

.  12 

.12 

.20 

Dissolved  Oxygen 

(mgl) 

Day  Flood 

8.4 

10.0 

13.2 

11.  5 

7.5 

Day  Ebb 

9.9 

10.0 

13.1 

11.6 

8.1 

Night  Flood 

10.1 

12.4 

10.3 

8.4 

Night  Ebb 

9.6 

8.7 

10.0 

12.7 

8.7 

8.0 

Turbidity  (FTU) 

Day  Flood 

10.0 

3.5 

5.4 

5.5 

4.4 

Day  Ebb 

6.5 

3.3 

5.2 

9.0 

5.1 

Night  Flood 

2.6 

5.0 

6.0 

7.0 

Night  Ebb 

8.0 

9.5 

4.0 

3.7 

6.0 

7.0 

Ammonia  (mg  N/l) 

Day  Flood 

<.09 

<.09 

<.09 

.  14 

<•09 

Day  Ebb 

<.09 

<.09 

<.09 

<.09 

<.09 

Night  Flood 

<.09 

<.09 

.15 

.16 

Night  Ebb 

<.09 

<•09 

<.09 

<.09 

.20 

.  12 

Total  Alkalinity 

(mg/1 

,  CaCoj) 

Day  Flood 

54.0 

55.0 

60.0 

67.0 

54.0 

Day  Ebb 

49.0 

54.0 

61.0 

67.0 

53.0 

Night  Flood 

59.0 

61.0 

68.0 

52.0 

Night  Ebb 

50.0 

54.0 

55.0 

61.0 

52.0 

Nitrogen  Saturation  (%) 

Day  Flood 
Day  Ebb 
Night  Flood 

Night  Ebb  105.4 


98.3  101.7 


98.8  101.2 


98.8 
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APPENDIX  BU:  NEKTON  CAPTURED  AT  EACH  STATION 
AND  SAMPLING  PERIOD, 

MARCH  1975-MAY  1976 
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Appendix  Table  B4 


Nekton  Captured  at  Each  Station  and  Sampling  Period — March  1975-May  1976. 


March  1975  Station 

12  2  3  10  11 

Species 

Chinook  Salmon 

Oncorhynchus  tshawytscha  68555 

Coho  Salmon 

Oncorhynchus  kisutch  - 

Chum  Salmon 

Oncorhynchus  keta  - 

Eulachon 

Thaleichthys  pacificus  i 

Longfin  Smelt 

Spirinchus  thaleichthys  - 

Threespine  Stickleback 

Gasterosteus  aculeatus  11-23 

American  Shad 

Alosa  sapidissima  - 

Starry  Flounder 

Platichthys  stellotus  7-172 

Peamouth 

Mylocheilus  caurinus  - 

Sucker 

Catos tomus  macrocheilus  - 

Carp 

Cyprinus  carpio  - 

Sculpin 

Coitus  sp  - 

Whitef ish 

Prosopiwn  williamsoni  - 

Steelhead 

Salmo  gairdneri  - 

Lamprey 

Entosphenus  tridentatus  - 

Scokeye 

Oncorhynchus  nerka  _____ 
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May  1975 


Species 

Chinook  Salmon 

Oncorhynchus  tshauytscha 

Coho  Salmon 

Oncorhynchus  kisutch 

Chum  Salmon 

Oncorhynchus  keta 

Eulachon 

Thaleichthys  pacificus 

Longfin  Smelt 

Spirinchus  thaleichthys 

Threespine  Stickleback 
Gasterosteus  aculeatus 

American  Shad 

Alosa  sapidissima 

Starry  Flounder 

Platichthys  stellotus 

Peamouth 

Mylocheilus  caurinus 
Sucker 

Catos tomus  macrocheilus 
Carp 

Cyprinus  carpio 

Sculpin 
Cottus  sp 

Whitef ish 

Prosopium  williamsoni 

Steelhead 

Salmo  gairdneri 

Lamprey 

Entosphenus  tridentatus 
Sockeye 

Oricorhynchus  nerka 


July  1975 
Species 

Chinook  Salmon 

Oncorhynchus  tshauytscha 

Coho  Salmon 

Oncorhynchus  kisutch 

Chum  Salmon 

Oncorhynchus  keta 

Eulachon 

Thaleichthys  pacificus 

Longfin  Smelt 

Spirinchus  thaleichthys 

Threespine  Stickleback 
Gasterosteus  aculeatus 

American  Shad 

Alosa  sapidissima 

Starry  Flounder 

Platichthys  stellotus 

Peamouth 

My lochei lus  caurinus 
Sucker 

Catos tomus  macrocheilus 
Carp 

Cyprinus  carpio 

Sculpin 
Cottus  sp 

Whitef ish 

Prosopium  villiamsoni 

Steelhead 

Salmo  gairdneri 

Lamprey 

Entosphenus  tridentatus 
Sockeye 

Oncorhynchus  nerka 


Station 

12  2  3  10  11 

90  1  37  9  34 


13  -  1  2  4 


4  10  168  58  98 

4-7-2 


1 


1 
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August  1975 


12 


2 


Station 

3 


10 


Species 

Chinook  Salmon 

Oncorhynchus  tshauytscha  1  31  3  - 

Coho  Salmon 

Oncorhynchus  kisutch  - 

Chum  Salmon 

Oncorhynchus  keta  - 

Eulachon 

Thaleichthys  pacificus  - 

Longfin  Smelt 

Spirinchus  thaleichthys  - 

Threespine  Stickleback 

Gasterosteus  aculeatus  2 

American  Shad 

Alosa  sccpidissima  - 

Starry  Flounder 

Platichthys  stellotus  2  2  ±6  2 

Peamouth 

Ifylocheilus  caurinus  -  -  2  - 

Sucker 

Catostomus  macrocheilus  -131 

Carp 

Cyprinus  carpio  - 

Sculpin 

Cottus  sp  - 

Whitf ish 

Prosopium  williamsoni  - 

Steelhead 

Salmo  gairdneri  - 

Lamprey 

Entosphenus  tridentatus  - 

Sockeye 

Oncorhynchus  nerka  - 
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September  1975 


12 


Species 

Chinook  Salmon 

Oncorhynchus  tshauytscha  31 

Coho  Salmon 

Oncorhynchus  kisutch 

Chum  Salmon 

Oncorhynchus  keta 

Eulachon 

Thaleichthys  pad  ficus 

Longfin  Smelt 

Spirinchul  thaleichthys 

Threespine  Stickleback 

Gasterosteus  aculeatus  16 

American  Shad 

Alosa  sapidissima  1 

Starry  Flounder 

Platichthus  stellotus  5 

Peamouth 

t-tylocheilus  caurinus 
Sucker 

Catostomus  macrocheilus  '  4 

Carp 

Cyprinus  carpio 

Sculpin 
Cottus  sp 

Whitef ish 

Prosopium  williamsoni 

Steelhead 

Salmo  gairdneri 

Lamprey 

Entosphenus  tridentatus 
Sockeye 

Oncorhynchus  nerka 
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November  1975 


Species 

Chinook  Salmon 

Oncorhynchus  tshauytscha 

Coho  Salmon 

Oncorhynchus  kisutch 

Chum  Salmon 

Oncorhynchus  keta 

Eulachon 

Thaleichthys  pacificus 

Longfin  Smelt 

Spirinchus  thaleichthys 

Threespine  Stickleback 
Gasterosteus  aculeatus 

American  Shad 

Alosa  sapidissima 

Starry  Flounder 

Platichthys  stellotus 

Peamouth 

Mylocheilus  cawcinus 
Sucker 

Catostomus  macrocheilus 
Carp 

Cyprinus  carpio 

Sculpin 
Cottus  sp 

Whitef ish 

Pvosopium  williamsoni 

Steelhead 

Salmo  gairdneri 

Lamprey 

Entosphenus  tridentatus 
Sockeye 

Oncorhynchus  nerka 


January  1976 
Species 

Chinook  Salmon 

Oncorhynchus  tshawytscha 

Coho  Salmon 

Oncorhynchus  kisutch 

Chum  Salmon 

Oncorhynchus  keta 

Eulachon 

Thaleichthys  pacificus 

Longfin  Smelt 

Spirinchus  thaleichthys 

Threespine  Stickleback 
Gasterosteus  aculeatus 

American  Shad 

Alosa  sapidissima 

Starry  Flounder 

Platichthys  stellotus 

Peamouth 

Mylocheilus  caurinus 
Sucker 

Catostomus  macrocheilus 
Carp 

Cyprinus  carpio 

Sculpin 
Cottus  sp 

Whitefish 

Prosopium  williamsoni 

Steelhead 

Salmo  gairdneri 

Lamprey 

Entosphenus  tridentatus 
Sockeye 

Oncorhynchus  nerka 


Station 

12  2  3 

2 


1 


1  1 

5 


1  2 


6  1 


5 
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March  1976 


Species 

Chinook  Salmon 

Oncorhynchus  tshauytscha 

Coho  Salmon 

Oncorkynchus  kisutch 

Chum  Salmon 

Oncorkynchus  keta 

Eulachon 

Thaleichthys  pacificus 

Longfin  Smelt 

Spirinchus  thaleichthys 

Threespine  Stickleback 
Gasterosteus  aculeatus 

American  Shad 

Alosa  sapidissima 

Starry  Flounder 

Platichthys  stellotus 

Peamouth 

Mylocheilus  caurinus 
Sucker 

Catostomus  macrocheilus 
Carp 

Cyprinus  carpio 

Sculpin 
Cottus  sp 

Whitef ish 

Prosopiun  williamsoni 

Steelhead 

Salmo  gairdneri 

Lamprey 

Entosphenus  tridentatus 
Sockeye 

Oncorhynchus  nerka 


] 


Appendix  Table  B4  (concluded) 


May  1976 
Species 

Chinook  Salmon 

Oncorhynchus  tshauytscha 

Coho  Salmon 

Oncorhynchus  kisutch 

Chum  Salmon 

Oncorhynchus  keta 

Eulachon 

Thaleichthys  pacificus 

Long fin  Smelt 

Spirinchus  thaleichthys 

Threespine  Stickleback 
Gasterosteus  aculeatus 

American  Shad 

Alosa  sccpidissima 

Starry  Flounder 

Platichthys  stellotus 

Peamouth  t 

Itylocheilus  caurinus 

Sucker 

Catostomus  macrocheilus 


Station 

12  2  3  10  11 

2152  47  6  89  388 

1 


4  7  -  -  5 

51  14  2  7  12 

5  2  10  2 

54  -  -  1 

5  -  -  -  1 


Carp 

Cyprinus  carpio  -  1 

Sculpin 

Cottus  sp  ~ 

Whitef ish 

Prosopium  williamsoni 
Steelhead 

Salmo  gairdneri  -  2 

Lamprey 

Entosphenus  tridentatus 
Sockeye 

Oncorhynchus  nerka  1 
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APPENDIX  B5:  NEKTON  CAPTURED  AND  MEAN  WEIGHT 
(IN  GRAMS)  PER  INDIVIDUAL  AT  EACH  STATION 
AND  SAMPLING  TIME,  MILLER  SANDS 
1976  -  1977 
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Species  Peamouth  Chub  Mylocheilus  aaurinus  (cont. 
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Peamouth  Chub  Mylocheilus  cauvinus  (cont. 


Peamouth  Chub  Mylocheilus  aaurinus  (cont. 
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Species:  Peamouth  Chub  Mylocheilus  aauvinus  (cont. 
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Peamouth  Chub  Mylooheilus  oaurinus  (cont. 
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Peamouth  Chub  Mylocheilus  oauvinus  (cont. 
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Peamouth  Chub  Mylocheilus  caurinus  (cont. 
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Species:  Peamouth  Chub  Mylocheilus  aaurinus  (cont. 
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Peamouth  Chub  Mylocheilus  caurinus  (cont. 
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Species  :  Chinook  Salmon  Oncorhynchus  tshawytscha 
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Chinook  Salmon  Oncorhynchns  tshawytscha  (cont. 
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Species:  Chinook  Salmon  Oncovhynchus  tshauytscha  (cont. 
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Species:  Chinook  Salmon  Oncorhynchus  tshauytscha  (cont. 
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Species1  Chinook  Salmon  Oncorhynchus  tshawytscha  (cont. 
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Chinook  Salmon  Oncorhynchus  tshawytscha  (cont. 
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Species:  Chinook  Salmon  Oncorhynchus  tshawytscha  (cont. 
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Chinook  Salmon  Oncorhynchus  tshauytscha  (cont. 
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Chinook  Salmon  Oncorhynchus  tshawytscha  (cont. 
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Species:  Starry  Flounder  Platiahthys  stellatus 
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Species:  Starry  Flounder  Platichthys  stellatus  (cont. 
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Species:  Starry  Flounder  Platichthys  stellatus  (cont. 
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Species:  Starry  Flounder  '‘Platichthys  stellatus  (cont. 


I 


o 


P 

1  O 

ro  O 

^y 

o 

O  1 

1 

ro  O' 

CM 

ro 

rH 

CM 

s 

O' 

O  O 

o 

CO 

CO 

m 

<y  *y 

rH 

O' 

rH 

• 

•  • 

• 

• 

» 

• 

•  • 

• 

• 

• 

or 

*y 

ro  <y 

in 

in 

*y 

CM 

CM  ro 

ro 

rH 

ro 

• 

> 

' - 

rH 

0 

►o 

0 

1  rH 

fO  rH 

m 

rH 

r-  i 

CO 

1 

r-  ^ 

O 

r- 

2 

rH  ro 

rH 

rH 

in 

<y 

P 

1  1 

O  1 

1 

1 

1 

1  1 

o 

i 

s 

O 

o 

r* 

CM 

CM 

>1 

03 

X 

Oi 

1  1 

rH  | 

1 

1 

i  i 

1 

1 

)  1 

rH 

i 

2 

o 

o 

4-) 

r-  i 

in  o 

1 

1 

1  o 

1 

1 

CM  O 

vD 

ro 

o 

in 

r- 

s 

VD 

cm  in 

o 

CM  O 

O 

in 

in 

^y 

sz 

ro  ro 

^y 

•«y  ro 

*y 

ro 

w 

u 

u 

03 

o 

ro  i 

TT  CM 

1 

1 

1  CM 

1 

1 

9 

2 

vD 

o 

2 

rH 

O' 

rH 

4-)' 

o  o 

ro  CO 

1 

o 

O  1 

CO 

1 

•y  in 

CO 

CO 

*y 

vD 

2 

CD 

in  rH 

ro 

o 

o  CO 

CO 

CM 

O' 

CM 

rH  CO 

cm  ro 

■'T 

ro 

ro 

ro  cm 

CM 

w 

CM 

w 

> 

0 

2 

O' 

rH  rH 

O'  O 

1 

rH 

rH  | 

O' 

1 

CM  O' 

CM 

rH 

2 

in 

rH  O' 

ro 

in 

rH 

__ _ __ 

in 

o 

•W 

ID  1 

v o  i 

1 

1 

r  i 

ro 

1 

1  CM 

O' 

rM 

CM 

CM 

vD 

s 

O' 

rH 

CM 

ro 

<y 

*y 

ro 

m 

• 

• 

• 

• 

• 

• 

• 

• 

CM 

CM 

ro 

ro 

CM 

* — 

ro 

W- 

P 

a 

0) 

CD 

0 

i 

O'  1 

1 

1 

1  1 

^y 

1 

CO  ro 

m 

ro 

2 

rH 

CM 

in 

m 

in 

•<y 

o 

4->  i 

CO  rH 

<3*  in 

o 

1 

CM  ID 

ro 

CO 

rH  ro 

rH 

O' 

vD 

ro 

vD 

3 

rH  rH 

O'  CM 

o 

ID  CO 

vD 

rH 

<y 

^y 

rH 

CM 

•  • 

•  • 

• 

•  • 

• 

• 

•  • 

• 

• 

• 

• 

m  ro 

ro  ro 

m 

ro  CM 

ro 

ro 

cm  ro 

ro 

■'-r 

ro 

w 

rH 

2 

( 

O 

in  in 

2 

6 

rH 

| 

> Z>  IN 

CO 

ID 

in  co 

2 

rH 

*H  ro 

O' 

m 

in 

rH 

4J 

4J 

P 

P 

P 

P 

in 

r 

sz 

sz 

sz 

SZ 

SZ 

>»  O' 

>1  O' 

>. 

O' 

>1  O' 

>i 

O' 

>i  O' 

CD 

03  -H 

03  -H 

03 

03  -rl 

03 

•H 

03  -H 

p 

C/) 

G 

Q  2 

Q  2 

u 

2 

Q  2 

Q 

2 

Q  2 

x: 

w 

•H 

>1 

O' 

03 

Ci) 

1  1 

1  l 

1 

| 

1  1 

1 

1 

1  1 

03 

•H 

rH 

co 

a 

2 

u 

o 

O 

rH  rH 

x: 

CM  CM 

ro  ro 

m 

in 

6 

6 

rH 

rH  rH 

rH 

<D| 

o 

03 

CM 

03 

03  03 

03  03 

03 

03 

03  03 

03 

03 

03  03 

P 

P 

0) 

P  P 

P  4J 

P 

P 

P  4J 

P 

P 

P  P 

0 

a 

0 

Q 

wl 

CQ 

0)  CO 

CO  co 

CO 

CO 

CO  CO 

CO 

CO 

CO  CO 

CO 

H 

CO 

187 

Starry  Flounder  Platichthys  stellatus  (cont. 


o 

4-J 

ii  (I  I  m 

O  |  || 

1  1  o 

m 

o 

r-  3: 

m 

m 

in 

m 

00 

C"- 

• 

« 

• 

• 

• 

r- 

o 

o 

m 

>i 

rH 

*H 

— ' 

r— < 

D 

0 

ii  ii  1  ^ 

mi  ii 

1  1  rH 

r^ 

x: 

o 

03 

2 


> 

O 

2  O 
2 


4J 

£ 

r~ 


3 

^  O 
2 


a; 

c 

•H 

a) 

to 


o  o 

r-  cm 


vD  r- 


i  I 


CM 

o 

-U 

1  1  O 

iH 

1  o 

l  m 

o 

m 

in 

o 

C' 

r~  2 

m 

i — ( 

o 

o 

o 

r- 

CM 

m 

in 

rH 

m 

r- 

CO 

o 

o 

o 

o 

CO 

CM 

CO 

CO 

m 

>1 

rH 

r— 1 

rH 

v-' 

' — ' 

05 

E  0 

1  1  CM 

m 

1  CM 

I 

rH 

CM 

00 

in 

2 

rH 

m 

l  I 


I  I 


I  o 

r- 


I  i 


i  i 


ti  ii  ii 


ii  ii  ii 


O 

O  1 

O 

o 

o 

m 

d 

o 

CO 

*■ 

CM  1 

CM 

I  m 
m 


ii  n  o  o  i 
mo  m 


O  r- 


jj 

4-> 

4-> 

x> 

4-1 

4J 

& 

XT 

X 

x: 

x: 

x: 

>.  O' 

>.  o 

>1  O 

>.  cn 

>i  o 

>i  o 

<0  ---1 

05  -H 

05  -H 

03  *H 

05  -H 

05  -H 

a  z 

Q  2 

Q  2 

Q  2 

Q  2 

Q  2 

i  i 

o  o 


•H 

U 

CD 

x: 

u 

CM  CM 

m  m 

in 

m 

o 

O 

rH 

rH 

rH 

•H 

<1) 

N 

03 

03  03 

05  05 

05 

03 

05 

05 

05 

05 

05 

05 

CU 

•H 

<D 

•U  4J 

4-J  4J 

4J 

4-1 

4J 

4-) 

4-1 

4J 

4-1 

4-> 

to 

CO 

CQ 

c n  cn 

cn  cn 

C/3 

C/3 

C/3 

cn 

CO 

CO 

CO 

CO 

o 

r- 


c- 

r* !  LD 
ST  O 


o 

4-J  ! 

II  O  1  1 

1  1  O  1 

1  1  o 

o 

in  id 

KD  £ 

m 

O 

iX> 

LO 

KD  O'* 

r- 

• 

• 

• 

• 

•  • 

in 

m 

O'l 

KD  cm 

4-J 

rH 

rH 

Cu 

<1> 

co  o 

II  rH  |  | 

1  I  rH  | 

1  rH  rH 

CM 

CM 

O 
cm  m 
o  r- 


>< 

05 

Q 


4-J 

X 

O 

•H 

2 


05 

4J 

o 

H 


189 


AD-A074  674  NATIONAL  MARINE  FISHERIES  SERVICE  PRESCOTT  OR  F/6  13/3 

'  HABITAT  DEVELOPMENT  field  INVESTIGATIONS*  MILLER  SANDS  MARSH  AN--ETC(U) 

JUN  7S  R  J  MCCONNELL*  S  J  LIPOVSKY  VESRF-lS-66 

BES-TR-0-77-3B-APP-B 


UNCLASSIFIED 


NL 


4J 

1  1 

1  1 

O  1 

i 

O 

1 

1 

, 

o 

O 

r* 

2: 

O 

O 

in 

o 

co 

CO 

CO 

co 

CM 

CM 

CM 

CM 

rH 

3 

»"D 

0 

1  1 

1  1 

CM  1 

i 

rH 

1 

1 

1 

CM 

CM 

z 

4Jl 

1  1 

1  O 

1  o 

o 

o 

co 

r- 

O 

1 

O 

r- 

z 

o 

CO 

o 

O 

CO 

ID 

o 

r** 

on 

o 

rH 

O 

r- 

ID 

ON 

>, 

rH 

CM 

CM 

CM 

rH 

rH 

CM 

rH 

<TJ 

s 

0 

1  1 

1  CM 

1  O 

rH 

CO 

CO 

CO 

rH 

1 

in 

z 

rH 

fs 

-P 

1  1 

1  O 

1  o 

1 

1 

o 

1 

1 

o 

z 

o 

o 

O 

c 

'D 

in 

in 

in 

u 

rH 

CM 

rH 

rH 

u 

a 3 
s 

No 

1  1 

1  rH 

1  rH 

1 

1 

*H 

1 

1 

1 

H 

P 

1  1 

1  o 

1 

1 

1 

1 

1 

1 

1 

3 

o 

4J 

ID 

C 

0 

o 

Nov 

0 

1  1 

•H 

1  rH 

1  1 

1 

1 

1 

1 

1 

1 

z 

CO 

■44. 

a 

p 

1  1 

1  1 

1  1 

| 

1 

1 

1 

1 

1 

1 

iD 

3 

05 

44 

CO 

4-> 

a 

CO 

0) 

to 

0 

1  1 

1  1 

1  1 

1 

1 

| 

1 

1 

1 

1 

z 

44 

•*4 

44 

<3 

p 

1  1 

1  1 

1  1 

1 

1 

o 

| 

| 

1 

o 

T-4 

ID 

3 

m 

in 

a, 

r- 

o 

o 

CM 

CM 

u 

rH 

Q) 

3 

T3 

*3 

0 

1  1 

1  1 

1  1 

1 

1 

CM 

1 

1 

1 

CM 

C 

E 

z 

3 

E 

0 

(-4 

in 

&H 

CM 

r-H 

>4 

1 

M 

rH 

o 

4J 

4J 

4J 

4-> 

4J 

4J 

<0 

rH 

X 

x 

X 

X 

X 

X 

4J 

>1  O' 

>.  O' 

>.  O' 

>1 

CP 

>i 

C 7> 

>1 

O' 

CO 

a> 

(3  -H 

(3  -H 

(3  -H 

<3 

•H 

<3 

•H 

(3 

•H 

(/) 

c 

a  z 

Q  Z 

a  z 

a 

z 

Q 

Z 

Q 

z 

w 

•H 

•• 

<3 

<D 

i  i 

1  1 

i  i 

i 

1 

1 

1 

1 

1 

<3 

w 

rH 

CO 

a 

0) 

u 

O 

o 

rH 

rH 

•H 

x: 

(N  CM 

CO  CO 

«n  in 

ON 

on 

rH 

rH 

rH 

rH 

rH 

o 

<D 

u 

<3 

<1> 

N 

<3 

<3  <3 

(3  <3 

<3  (3 

<3 

f3 

<3 

<3 

<3 

(3 

4-> 

Q. 

•H 

CD 

4J  -P 

-P  -P 

4J  4J 

4J 

4J 

4-> 

•P 

4-> 

-P 

0 

co 

CO 

CS 

to  (0 

to  to 

to  to 

to 

to 

CO 

CO 

CO 

CO 

190 


.  '**' *•  •  - 


Hr*1 11 W„ 


SD  (3.000) 

Total  Night  1  16.00  2  20.50  18  19.78  3  25.00 

SD  (1.530)  (2.598) 


I 


4-> 

r-  £ 


3 

^  O 
2 


l  l 


o 

o 

o 

o 

o 

o 

o 

1  o 

o 

o 

CO 

O' 

V0 

in 

in 

in 

o 

in 

o 

o 

o 

m 

CO 

rH 

CM 

CM 

<N 

o 

rH 

O' 

GO 

rH 

co 

ro 

CM 

CO 

co 

co 

co 

co 

co 

co 

co 

co 

w 

(N 

'  ’ 

TT 

CM 

rs 

(N 

1  rH 

rH 

r- 

rH 

rH 

rH 

rH 

1 


O 

o 

4J 

1  1  o 

CD 

1  CO 

I  r- 

1  co 

O  1 

O 

V0 

O' 

CO 

in 

CO 

i£> 

in 

o 

o 

O 

O' 

CO 

O' 

CM 

CO 

rH 

o 

CO 

v£> 

*H 

*H 

CM 

CO 

CO 

CO 

CM 

CO 

w 

co 

w> 

<TJ 

0 

1  1  CN 

CO 

1  CO 

1  CO 

l  co 

rH  I 

co 

CM 

2 

rH 

CM 

Starry  Flounder  Platichthys  stellatus  (cont. 


v0  3 

r» 

4J 

a 

0) 

w  o 
z 


v£>  3 
r~ 


•• 

<0 

P 

w 

rH 

<D 

1 

1 

Q) 

u 

2 

•H 

< 

< 

U 

<D 

a> 

1 

N 

03 

03 

«  1 

•H 

>i 

P 

P 

CO 

CO 

CO 

CO 

3 

13  O 

z 


JC 
>1  O' 
<0  -H 


II  II  II  II  II  I  I 


II  II  II  II  II  I  I 


P 

P 

P 

P 

P 

£ 

s: 

£ 

J5 

.c 

>i  O' 

O' 

>1  O' 

>i  O' 

>.  O' 

P 

03  *H 

03  -H 

03  *H 

03  -H 

03  *H 

J2 

Q  2 

a  2 

Q  2 

Q  2 

Q  2 

> 

O' 

03 

•H 

1  1 

i  i 

1  1 

1  1 

1  1 

O 

2 

CQ  CQ 

V  u 

D 

D 

W  W 

vD  vO 

*H 

rH 

03 

<0 

(0  03 

03  03 

(0  03 

03  03 

03  03 

p 

P 

4J  P 

P  P 

P  P 

P  P 

P  P 

O  Q 

0  Q 

CO  CO 

CO  CO 

CO  CO 

to  to 

CO  CO 

H  to 

H  to 

Species:  Starry  Flounder  Platichthys  stellatus  (cont. 


4J 

1  1 

i  i 

1  1 

1  1 

O  1 

1  o 

o 

o 

r- 

s 

o 

o 

o 

o 

r* 

• 

• 

• 

CM 

CO 

CM 

co 

>1 

VO 

vO 

rH 

0 

1  1 

i  i 

1  1 

1  1 

rH  1 

1  rH 

rH 

rH 

z 

o 

o 

4J 

1  1 

CO  o 

1  1 

1  1 

O  1 

1  1 

O'  rH 

O  CM 

P» 

3 

co  O 

o 

vO  O' 

O  O' 

r- 

r-  m 

vO 

vO  O' 

UO  o 

>*» 

r-  vd 

r* 

VD  rH 

03 

2 

0 

1  1 

CO  T? 

1  1 

1  1 

•H  1 

1  | 

z 

rH 

•H 

O 

O 

fs 

4J 

1  O 

o  o 

1  1 

1  1 

1  1 

O  1 

o  ^ 

o  m 

3 

o 

o  o 

o 

m  m 

uo  co 

r; 

O' 

rH  o 

vO 

co  co 

O' 

y 

r-  O 

CO  rH 

V-l 

*H 

w 

<0 

2 

No 

1  fi 

rH  rH 

1  1 

1  1 

1  1 

rH  1 

CM 

CM 

4J 

1  1 

1  o 

1  1 

1  1 

1  1 

1  1 

1 

o 

v£> 

2 

O 

o 

r- 

CM 

CM 

> 

VO 

vD 

0 

2 

0 

1  1 

1  CM 

1  1 

1  1 

1  1 

1  1 

1 

CM 

z 

4-> 

1  1 

O  l 

1  1 

1  o 

O  1 

1  1 

o  P 

o 

vD 

3 

o 

o 

o 

in  o 

o 

• 

• 

• 

•  r- 

• 

i—4 

o 

o  • 

r* 

4J 

n . 

vO 

vD 

vO 

vD 

vO 

<D 

to 

0 

1  1 

H  | 

1  1 

1  rH 

rH  1 

rH  I 

co 

rH 

z 

4J 

1  1 

1  1 

1  1 

1  1 

1  1 

1  1 

1 

1 

VD 

3 

3 

►3 

0 

1  1 

1  1 

1  f 

f  t 

1  t 

1  1 

1 

6 

z 

6 

o 

o 

CM 

i 

■ 

iX> 

r- 

4J 

4J 

4J 

4J 

4J 

4-> 

rH 

•C 

s: 

JC 

•C 

JZ 

JZ 

>i  O' 

>.  CP 

>1  O' 

O' 

>  O' 

>1  O' 

0) 

«J  -H 

(0  *H 

03  *H 

(0  -H 

03  -H 

03  -H 

4J 

Cfl 

c 

Q  Z 

Q  Z 

Q  Z 

Q  Z 

Q  Z 

a  z 

JO 

</) 

•H 

>1 

O' 

rtJ 

<1> 

1  1 

1  1 

1  1 

1  1 

1  1 

i  i 

03 

•H 

rH 

to 

Q 

z 

u 

o  o 

rH  *H 

X 

CM  CM 

CO  CO 

in  uo 

O'  O' 

rH  iH 

rH  rH 

rH 

rH 

<v 

u 

03 

N 

<TJ 

m 

<0 

<TJ  (0 

<0  ffl 

<3 

4J 

4J  4 

•H 

<D 

+j  +j 

4J  -P 

4J  4J 

4J  4J 

4J  4J 

4J  4-> 

0  Q 

0  D 

t o 

CQ 

to  to 

to  to 

to  to 

to  to 

to  to 

to  to 

H  to 

194 

Starry  Flounder  Platichthys  stellatus  (cont. 
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Species:  Largescale  Sucker  Catostomus  macrocheilus  (cont. 
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Species:  Largescale  Sucker  Catostomus  macrocheilus  (cont. 
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Species:  Largescale  Sucker Catos tomus  rnacrocheilus  (cont. 
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Species:  Largescale  Sucker  Catostomus  macrocheilus  (cont. 
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Species:  Largescale  Sucker  Catostomus  macrocheilus  (cont. 
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Largescale  Sucker  Catostomus  maorocheilus  (cont. 
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Species:  Largescale  Sucker  Catostomus  macrocheilus  (cont. 
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Largescale  Sucker  Catostomus  macrocheilus  (cont. 
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Species:  Largescale  Sucker  Catostomus  maerocheilus  (cont. 
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Threespine  Stickleback  Gasterosteus  aculeatus 


Threespine  Stickleback  Gasterosteus  aculeatus  (cont. 
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Species  Threespine  Stickleback  Gasterosteus  aculeatus  (cont. 


Threespine  stickleback  Gasterosteus  aauleatus  (cont. 
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Staghorn  Sculpin  Leptoaottus  armatus  (cont. 


Species:  Staghorn  Sculpin  Leptocottus  armatus  (cont. 
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Species:  Prickly  Sculpin  Cottus  asper 
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Prickly  Sculpin  Cottus  asper  (cont. 
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Prickly  Sculpin  Cottus  asper  (cont. 


Species:  Prickly  Sculpin  Cottus  aspev  (cont. 
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Species:  Prickly  Sculpin  Cottus  asper  (cont. 
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Species:  Coho  Salmon  Oncorhynchus  krsutch  (cont. 
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Total  Night  20.00 


Coho  Salmon  Oncorhynohus  kisutch  (cont. 
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Total  Night  --------1  50.00 


Chum  Salmon  Onaorhynchus  keta 
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Chum  Salmon  Onco rhynohu s  keta  (cont. 
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shad  Alosa  sapidissima 


Species:  American  Shad  Ator>a  sapidisstma  (cont. 
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Shad  Alosa  sapidissima  (cont. 


Species:  American  Shad  Alosa  capidissima  (cont. 


Sta  3  -  Night  255.50 


Species:  American  Shad  Alosa  savi.dissi.ma  (cont. 


Total  Night  2  3.71 

(2.149) 


Species:  Carp  Cypri-nus  carpio  (cont. 


Species:  Squawfish  Pbychooheilus  oi'egonensis  (cont. 
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Total  Night  -  -  -  -  -  -  ~  “  -  ~  1  34.00 


Species:  Squawfish  Ptychocheilus  oregonensis  (cont. 


Cutthroat  Salmo  Clarki  (cont. 


Total  Night  -  -  -  -  1  18.00 


Species:  Surf  Smelt  Hypomesus  pretiosus  (cont. 


Sta  3  -  Night  ------  13  19.46 


Species:  Eulachon  Thaleichthys  paci ficus  (cont. 
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APPENDIX  B 6:  AGE  CIASS,  NUMBER,  MEAN  WEIGHT  AND 
LENGTH  PER  INDIVIDUAL  FOR  IMPORTANT  NEKTON, 
COLLECTED  AT  MILLER  SANDS,  RIVER 
KILOMETRE  39,  MARCH  1975  - 
MAY  1976 


Appendix  Table  B6 


Age  Class,  Number 

,  Mean  Weight  and 

Length  Per  Individual  for 

Important 

Nekton,  Collected 

at  Miller  Sands, 

River  Kilometre  39  March 

1975  - 

May  1976. 

Peamouth 

Chinook 

Starry  Flounder 

Chub 

Salmon 

Age  Class  1 

Number 

29 

217 

117 

Weight  (g) 

5.1 

5.1 

5.9 

Length  (mm) 

72.3 

69.6 

73.2 

Age  Class  2 

Number 

22 

41 

55 

Weight  (g) 

15.7 

30.  2 

46.7 

Length  (mm) 

109.3 

136.6 

129.4 

Age  Class  3 


Number 

- 

1 

3  • 

Weight 

(g) 

- 

72.5 

45.5 

Length 

(mm) 

187.0 

171.3 

Age  Class  4 

Number 

5 

- 

Weight 

(9) 

77.3 

- 

” 

Length 

(mm) 

194.0 

Age  Class  >4 

Number 

2 

_ 

- 

Weight 

(g) 

112.5 

” 

" 

Length 

(mm) 

206.0 

Total 

Number 

58 

259 

175 

Weight 

(g) 

19.1 

9.3 

19.4 

Length 

(mm) 

101.4 

80.7 

92.5 

250 


APPENDIX  B7:  AGE  CIASS,  NUMBER,  MEAN  WEIGHT,  AND 
LENGTH  PER  INDIVIDUAL  COLLECTED  OF  IMPORTANT 
NEKTON  AT  RIVER  KILOMETRE  39, 

JULY  1976  -  JULY  1977 
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Age  Class,  Number,  Mean  Weight  and  Length  Per  Individual  for  Important  Nekton,  Collected  at  Miller 
Sands,  River  Kilometre  39.  July  1976  -  July  1977. 
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Weight  (g)  25.85  10.58  10.93  2.21  515.40 

Length  (mm)  109.37  91.03  73.13  53.18  218.80 


APPENDIX  B8:  NEKTON  IN  ORDER  OF  MEAN  ANNUAL  ABUNDANCE. 
AVERAGE  WEIGHT,  IN  GRAMS,  PER  INDIVIDUAL  MEASURED 
AND  EXPANDED,  TOTAL  WEIGHT  OF  FISH  CAPTURED  AT 
MILLER  SANDS,  JULY  1976  -  JULY  1977 


APPENDIX  B9:  MACROINVERTEBRATE,  NUMBER  OF  INDIVIDUALS 
CAPTURED  IN  ALL  REPLICATIONS  AT  MILLER  SANDS,  OREGON, 
MARCH  1975  -  MAY  1976 
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Total  Organisms  205  213  415  441  432  953 

Composite  Wet  Wt.  0.0044  0.0397  0,0135  0 . 0909  0 . 1063  0 . 0652 

Total  Biomass  0.1447  0.3725  0.4974  1.0501  1.0344  2.7817 
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MILLER  SANDS 
Benthic  Samples 
August,  1975 
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APPENDIX  B13 :  PERCENT  NUMBER  AND  VOLUME  OF  ITEMS 
CONSUMED  BY  ALL  FISH  THROUGH  JULY  1977 
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In  accordance  with  letter  from  DAEN’-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a  facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
be  1 ow . 
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Appendix  B:  Inventory  and  assessment  of  predisposal  and  post¬ 
disposal  aquatic  habitats  /  by  Robert  J.  McConnell  .  . .  C  et  al.j. 
National  Marine  Fisheries  Service,  Prescott,  Oregon.  Vicks¬ 
burg,  Miss.  :  U.  S.  Waterways  Experiment  Station  ;  Springfield, 

Va.  :  available  from  National  Technical  Information  Service, 

1978. 

344  p.  :  ill.  ;  27  cm.  (Technical  report  -  U.  S.  Army  Engi¬ 
neer  Waterways  Experiment  Station  ;  D-77-38,  Appendix  B) 

Prepared  for  Office,  Chief  of  Engineers,  U.  S.  Army,  Wash¬ 
ington,  D.  C.,  under  Interagency  Agreement  Nos.  WESRF  75-88, 

WESRF  76-39,  WESRF  76-178  (DMRP  Work  Unit  Nos.  4B05C,  J, 
and  L. 

Literature  cited:  p.'  83-86. 

1.  Aquatic  habitats.  2.  Benthic  fauna.  3.  Columbia  River. 

4.  Dredged  material.  5.  Dredged  material  disposal. 
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6.  Field  investigations.  7.  Fishes.  8.  Food  utilization. 

9.  Habitat  development.  10.  Habitats.  11.  Marsh  development. 
12.  Marshes.  13.  Miller  Sands  Island.  14.  Sediment 
15.  Water  quality.  16.  Zooplankton.  I.  United  States.  National 
Marine  Fisheries  Service.  II.  United  States.  Army.  Corps  of 
Engineers.  III.  Series:  United  States.  Waterways  Experiment 
Station,  Vicksburg,  Miss.  Technical  report  ;  D-77-38,  Appen¬ 
dix  B. 
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